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X-RAYING LARGEST STAINLESS 
STEEL “HOT” PUMP CASTING 


dhove, technicians mark segment of ca 
ing for one of many hundreds of X 

pictures employing a 24,000,000 volt 
Betatron at the Bonney Floyd Foundr 
Below, X-ray picture is carefully 


spected for flaws 


WORTHINGTON 


New BeW Method of Fabrication 
Promises Longer Core Life 


Advanced swaging technique 
provides higher power output 
per unit of core volume, 
improved operating character- 
istics, longer fuel life. 


Babcock & Wilcox is now putting 
into production a radically new 
method of fuel element fabrication 
which promises significant cost sav- 
ings throughout the reactor lifetime. 
In this new technique, powdered 
uranium dioxide is vibrated into 
thin tubes which are then reduced 
by swaging to the final diameter. 
During the swaging process the 
powdered fuel is compressed to 
high density, resulting in more inti- 
mate and uniform contact between 


; , Operators feed loaded fuel rods into swaging machines at the B&W Nuclear Facilities Plant. 
the tube wall and the fuel particles. , aie 


Because of their greater uniform- 
ity, lower costs, shorter and more 
predictable fabrication time, the 
new elements represent an impor- 
tant step toward more economical 
atomic power. 


HIGHER POWER OR 
SMALLER SIZE 


Swaged fuel elements reduce the 
internal resistance to heat flow. In- 
dications are that they can develop 
higher power than a pellet-type 
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core of the same size — or, can pro- 
vide equal power from a smaller 
core. 


REDUCED FABRICATION COST 


Swaging eliminates all pellet 
pressing, grinding, and sintering, 
resulting in substantially lower fab- 
rication costs. It is readily adaptable 
to loading operations which will be 
required in the future when han- 
dling reprocessed fuels. 


For further information on this 
new fuel element design, contact 
The Babcock & Wilcox Company, 
161 East 42nd Street, New York 17, 
New York. 


4q Cross section diagram showing 
the B&W swaging method 
of fuel rod fabrication. 


THE BABCOCK & WILCOX COMPANY 





NUCLEAR POWER APPLICATIONS 
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... and saves on total costs. Construction costs. Design 
costs. Operation and maintenance... over the entire 
life of the installation. 


Teleflex Control Rod Drive Systems perform the same function 
as conventional systems... but there the similarity ends. 
The exclusive Teleflex helical cable is FLEXIBLE—NOT 
RIGID. Just four basic components comprise this unique 
system—cable, specially-hobbed drive wheel, gearmotor, and 
position indication. These few factors alone—plus flexibility 
of cable and compactness of the entire assembly—open up 
almost limitless possibilities in reactor design. And makes 
the designer’s task easier and faster. 


The Teleflex Control Rod Drive principle is applicable to 
any reactor design. Cable entry into the reactor can be from 











Photo courtesy of The Martin Company 


TELEFLEX helps you achieve a simpler, more 
flexible, more compact control rod drive design! 


top, side, bottom, or at oblique angles. All drive components 
may be completely outside the reactor, o1 totally enclosed 
and remotely controlled. 


System simplicity allows first-cost savings of up to 50°%. 
Construction costs go down, too, because vital space within 
and over the reactor can be held to minimums not possible 
with cumbersome, more costly systems. Control rods can be 
placed as close together as 2”. Drives can be located as desired 
for maximum operating convenience and safety to personnel. 
And Teleflex Cable can reliably handle control rod loads up 
to 500 pounds. Cable size is selected to meet load requirements. 


Teleflex engineers and scientists, trained in the field of nuclear 
power and research reactors, are ready to discuss your prob- 
lems and ideas. Write for full information. 


TELEFLEX 


INCORPORATED * NUCLEAR PRODUCTS DIVISION * NORTH WALES, PENNA, 
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...about NUCLEONICS 


The Function of an Editor 


One of our favorite preoccupations is 
the nature and purpose of NUCLEONICS. 
When we spend long hours talking to 
writers and readers about what we are 
and what we ought to be, we find that 
among the questions that come up most 
often is, ‘‘ Why do you edit the material 
I send you?” 

To serve the reader. The basic 
purpose of NUCLEONICSs is to serve the 
reader. We are somewhat different, 
therefore, from a _ society 
founded and managed as an outlet for 
the publications of society members. 
From the difference comes our need for 
editors and many of the problems they 


journal, 


are asked to face. 

Who is a NUCLEONICS editor? If he 
is a news man, he came to us with a 
background in journalism and a curi- 
osity about things nuclear. By con- 
stant with technical 
editors and the engineers and scientists 
of the field he has acquired significant 
technical knowledge. The technical 
editor, on the other hand, is a person 
who has come to the staff with scientific 
or engineering background and then 
learned NUCLEONICS writing. All of 
our technical editors have technical de- 


communication 


grees (the average is about two degrees 
per editor) and various amounts of 
technical experience in industrial and 
university jobs. 

What does he do? 
views, edits and writes the material 
that makes the magazine. He solicits 
because we want to make sure that our 
coverage of the nuclear field is complete 
and balanced. If we take only what 
comes over the transom, our coverage 
is likely to develop by accident and at 
random. Solicitation fills the gaps. 

As a reviewer the editor represents 


He solicits, re- 


the NUCLEONIcs reader. He reads an 
article critically, looking for parts that 
the reader will not want to read (he 
knows them already) and for sections 
that the reader will find inadequate. 
(If the editor doesn’t understand it as 
it is presented, he feels that the reader 
either.) After the review he 
sends the author his suggestions for 


won't 


additions, deletions and revisions. 
Editing means making the manu- 
script into an article. At the minimum 
this means writing headlines and cross 
heads, banks and figure captions that 
fit our type sizes. 
about figure sizes and how to redraw 
them so that labels and line thicknesses 
will be readable and attractive. Atthe 
maximum, editing can mean a complete 


It includes decisions 


rewriting job, combining several sources 
of information and grafting in the addi- 
tions that bring a story up to date 
The editor's dilemma. 
fun, but it isn’t all poems and sweet- 
ness. On the hand the editor 
must make the reader happy. The 
On the other, he 
for the 


How does 


The job is 
one 


product is for him. 
must be the author's friend; 
author makes the product. 
an editor meet the situation when the 
author objects? 

Often the hardest part of the job Is 
telling an author how we want to change 
No author likes to 
hear that his writing can be improved. 
No one wants to take the time to revise 


his manuscript. 


and rewrite something he finds satis- 
factory as he wrote it the first time. So 
we often face the difficulty that serving 
the reader requires saying things an 
author doesn’t want to hear. But it is 
part of the job. We hope that as a 
NUCLEONICS reader you appreciate the 
effort that 
NUCLEONICS author you do too. 


and when you are 4a 
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‘MARTIN NUCLEAR ROCKET PROGRAM 
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RADIATION HEATING IN NUCLEAR- POWERED ROCKETS 


The first flight of a U.S. nuclear rocket is targeted for the mid 1960's; but the 
achievement of this objective will depend upon the successful solution of 
many complex technical problems. At Martin, we are investigating all the areas 
listed above in a coordinated program designed to help solve these problems. 
An example of one approach to a problem area is illustrated. It concerns the 
propellant temperature elevation and excessive evaporation that might 
result from intense radiation created by the reactor. 


Martin engineers at Baltimore and Denver are working on several approaches 
to the solution of this problem: 1) separation between the reactor and the 
propellant; 2) continuous cooling of certain components by the cryogenic 
propellant; and 3) shadow-shielding of propellant and components. Optimum 
» @ Martin liquid hydrogen test facility SOlution appears to involve a combination of these alternatives, and can have 

atnmonts srecarnedous  * @ substantial influence on overall rocket system weight and performance. 
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NUCLEAR REACTIONS 


About Weinberg’s Article of 


nuclear books has been the policies 


: of the Atomic Energy Commission 
VEAR OI In the earlier years of the nuclear 
Chis letter is a commentary on the’ energy field, when secrecy was a hin- 
article by Dr. Alvin Weinberg, Direc- drance to communication of informa- 
tor, Oak Ridge National Laboratory tion and when there was a great deal of 
on book publishing in the nuclear field ssure on the AEC from the Congress 
that appeared in the May issue of to disseminate nuclear information, 
NUCLEONICS there was justification for AEC to 
We subscri wholeheartedly to Dr sponsor a humber olf nucleal books 
Weinberg’s continuing plea for the need In recent years, however, the need 
for the development of a scholarly I vast publishing program | the 


tradition in nuclear energy. It is cer- \] 


PURPLE & YIU 


{C has been reduced and has p1 


tainly paramount for anyone striving bly even disappeared Despite this 
to achieve this tradition to be an avid AEC has had underway in the past 
reader of the best literature available several year is underwa 

in his chose There is no better rent what robably o tl 
way to benefit from the teachings and largest book g programs U! 


experiences iuthors in the various 


orid Ak( is making an eflort to 


disciplines. For the reading of the publish books on every conceivabk 

book literature to be of any benefit, it facetofthenu nergy field, whet! 

is obviously important that books be 1 particular facet broad interest o1 

of the highest quality that can be i vel Spt i interest 

achieved. Certainly, the literature in In the process of developing 

any field should not be any less ssive pu g gram, Ak‘ 

scholarly than the research done in that Dy the use ol s and pressure 

particular field been able to t into its stable t 
The nuclear field, unfortunately, has —_ bulk of competent t ical pe 

suffered in its book literature from might ser thors 

several things. First, as Dr. Weinberg AEC do e as a isid 

points out, the glamour surrounding ition in its hing acti 

the nuclear energy field and, also, the the questio! l I 

newness of the field have caused many DOOK If t IDS! Su 

authors and many publishers to want minimum market t ‘ I 

to rush into print too quickly with ou are operating subsidy ba 

books Commercia DLST ( { 
But what is probably a much more © other hand much to | 

important force in producing the flood 1 witl particu 
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interest to bring the requisite minimum 


sale. Simple publishing economics | 


force publishers to pay the utmost} 
attention to the quality of both te A POSTERIORI 9 
a 


authors and manuscripts they select. 


book venture they undertake will be of 
a sufficient quantity and of sufficient 
OR 








Of course, there are times when mis-| 
takes are made But these are honest 
stakes ; d shot i oO } °C = as 
Re ee ANYWAY YOU LOOK AT IT-RCA Nuclear and 
CVIGCRCS OF UNE Tact, as yr. ~~ ns Scientific Specialists offer prompt, skilled services to 
points out, there is no “incentive for nuclear laboratories and manufacturers. 
excellence.” 
We would strongly suggest to Dr. IT’S A MATTER OF REASONING: 
Weinberg that, rather than throw his Factory-trained by major equipment manufacturers, RCA's service specialists work 


from the nationwide network of extensively equipped and stocked facilities . . . to 


barbs at commercial publishers, he 
ensure fast, conclusive service that saves you time and money! 


would do the cone pt of the scholarly 
tradition in the nue lear energy field a AND IT's A MATTER OF FACT: 


better service if he were scrutinize . ‘ , 
ewes city © So scewem Plum Brook—RCA engineers supervised the installation and check-out of control room 





the publishing policies, procedures and equipment for the nuclear reactor at the Plum Brook Reactor Facility of NASA, under 
objectives of the AEC and make such | sub-contract from Leeds and Northrup Company. 
recommendations to the AEC as he 
deems desirable to assure that the 
Commission’s activities will serve the 
ientific community in the best way 


KENNETH ZEIGLER 
Editor-in-chief 

College Department 
VcGraw-Hill Book Co. 
Ve York 36, N. Y. 


Electrical Excitation in the U. S. 


1) AR SII 
The use of electrical excitation for 
he il processing in place of ionizing 
radiation, as discussed by Westermark, 
NI May, 1961, p. 90), has not 
| the recent attention of Ameri- 
inl tigators 
la I I et al.. SCLENCE 129, 1740 





1959), found that simple electrical 
lischarge could so augment the Wilz-| 
bach labeling techniques that the effect | 
ould be almost entirely ascribed to the | 
electrical discharge {also see NU, Aug., | 
1960, p. 102—ed.]. | 

Other recent work has indicated that | 
electrically accelerated tritium or C"™ 








ions can be used for labeling. I have 
ted that electrical discharges in mix- 
tures of C™ oxides and organic gaseous For A PRIORI information or A POSTERIORI proof, phone WOodlawn 3-8000, Ext. 
ileinindiabislia hibits Sica of ( 4 labeled | PY 6038, or write to RCA Nuclear and Scientific Services, RCA Service Company, 
luct The commercial possibili- prongs geese 
tien of each sinclions ues of satel IN LOS ANGELES AREA, CONTACT: 
interest since the power would possibly Leo H. Soderholm, Manager 
be cheaper than nuclear power.| 20213 Oxnard Street 
Westermark’s article calls our attention Woodland Hills, California 
to these possibilities, timely now be-| Diamond 8-7515 
cause of greater insight in the mecha- 
nism of ionizing-radiation chemical I Most Trusted Name in Electronics 
efiects I DIO CORPORATION OF AMERICA 
Bert M. To.Bert 
B Associate Professor 
University of Colorado 
Boulder, Colorado | 
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THEY LAUGHED 
WHEN WE SAT DOWN 


TO PLATE ..- 








This shaft was turned. It was key-slotted, drilled, 
tapped and shouldered. It was threaded, milled, 
grooved and chamfered. It was step-bored, with 
three inside diameters. Who could plate a piece like 
this all over—inside and out—and expect a uni- 
form coating? 

Well, anyone who used KANIGEN® could expect 
it—and get it. In fact, we made this piece especially 
to prove it. 

The KANIGEN?® process for chemical nickel alloy 
plating produces a uniform thickness of coating, re- 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street + 


gardless of the contours of a part. This uniformity 
permits full machining operations prior to coating, 
with no subsequent cleanup. 

KANIGEN?® offers corrosion resistance equal 
or superior to that provided by wrought or elec- 
trolytic nickel. 

For complete technical details write or call your 
nearest General American office. Ask for Kanigen 
Bulletin No. 258. You'll find that with plating as in 
so many other industrial areas, it pays to plan with 
General American. 







KANIGEN 
Kanigen Division : 


Chicago 3, Illinois 
Offices in principal cities 
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B-L-H and the 


No newcomer to the production of important nuclear compo- 
nents and service equipment, B-L-H boasts both broad experi- 
ence and unsurpassed facilities. Already a matter of record is 
the solution of complex and challenging design, fabrication and 


shipping problems. Though our work has included components 
of all sizes, we are especially well equipped to handle the very 
largest projects. In our vast fabrication shop—13 bays, each 
900 ft. long and 71.4 ft. high—even giant structures present no 
real problem 


Noteworthy among our facilities are mighty boring mills, 
including 35 and 42-ft. vertical-type units; stress relieving 
facilities including one furnace 60% ft. long, 22 ft. wide, 17 ft. 
high; a complete range of radiographic equipment; and special 


BALDWIN - LIMA: HAMILTON 


Industrial Equipment Division + Philadelphia 42, Pa. 
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NUCLEAR AGE 


areas with filtered circulating air which are used for operations 
that demand “‘hound’s tooth” cleanliness. 


Indicative of our nuclear work past and present are these projects 
Fermi reactor, Power Reactor 
Development Company 
Thermal shield components for 
GE-Hanford Laboratory reac- 
tor, General Electric 

e HTGR reactor vessel and com- 
ponents, General Atomics 
DIG, D2G compenents for 
shipboerd reactor servicing, 
General Electric-KAPL 

Magnet cores for Brookhaven, 
Cambridge, Penn-Princeton and 
Argonne National laboratories 


Core component for Plum Brook 

test reactor, NASA 

© AlW core support components 
for reactor, Westinghouse 

© AIW and DIG shipping and 
installation container for reac- 
tor and reactor cores, West- 
inghouse and GE-KAPL 

e@ ECGR pressure vessels and 
core components, H.K. Ferguson 

@ Containment vessel and loading 

face shield for Hallam reactor, 

Atomics International 

Fuel handling vehicle for Enrico 











Small nuclear power systems could provide world-wide communications network. 
NUCLEAR POWER IN ORBIT 
At this moment engineers and scientists at Atomics International are extend- 


ing the boundaries of present day technology to provide this country with 
lightweight, long-life auxiliary power systems for outer space applications. 


These systems must be light in weight, fully automatic, completely reliable... 
yet must provide thousands of watts of electricity for periods up to one year 
without maintenance. 
We need creative engineers and scientists to help us provide this new source 
of auxiliary power for outer space. 

IMMEDIATE OPPORTUNITIES ARE AVAILABLE IN: 


STRESS ANALYSIS. Degree plus five or 
more years of experience either in thermal 
stress or dynamic stress resulting from 
shock and vibration loads in aircraft struc- 
tures. Responsibilities will entail design 
support for compact nuclear power plants 
for space applications, including review of 
all designs with respect to stresses result- 
ing from thermo gradients and transients, 
static loadings, and vibrational and shock 
loadings. 


CORE ANALYSIS. Core analysis of com- 
pact reactors including both core statics 
(criticality, reactivity coefficients, control 
statics) and stability analysis (core tran- 
sients, amplitude response, interpretation 
of oscillator and noise measurements ) 

SHIELDING ANALYSIS. Analysis of thin 
shield systems using high speed com- 
puters. Proposal of experiments to sub 


stantiate calculations and analysis of test 
results. Degree and three to five years 
experience required including an under- 
standing of Monte Carlo methods. 


THERMOELECTRIC. Electrical engineer 
with one or more years experience in the 
development of thermoelectric equipment 
to originate and develop advanced, light 
weight thermoelectric equipment for use 
with compact nuclear power plants for 
space and other mobile applications 


HEAT TRANSFER. Senior engineer to be 
responsible for system engineering studies 
on the thermal, hydraulic and thermody- 
namic performance of compact power re- 
actor systems. 

For specific details write: Mr. C. F. Newton 


Personnel Office, Atomics International, 
8900 DeSoto Avenue, Canoga Park, Calif. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC 
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The development, field test, 
elt_idebestcba-Velel-jele-Selel-Mes at: Mh 4-1 ls8(- iba: o 
dioisotope manual liquid scintillation 
rerelebehabet-act_t_l ested h met-t Bell pemelebect es (11-10 
Here is a system for Carbon 14 and 
Tritium that incorporates simplicity 
and flexibility - that is in the price 


be: bel=4-Mel@e-SUMBE:Telebu: i febel-_m 


Among its field proven features: sim- 
plified circuitry which.assures reliable 
operation, negligible field maintenance; 
the high voltage supply, scaler and 
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— they can be used with other systems 
and tailored to your special needs; spe- 


cially designed, dark preadaption sam- 
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Baird-Atomic pioneers LOW COST liquid scintillation 


ple holder accepts a variety of sample 
configurations and sizes; the system is 


compact and versatile 


These 
Model 745 Liquid Scintillation unit - 


and other features of the 


are available at the lowest cost you 
would expect to pay for reliable per- 
formance with liquid scintillation. You 
owe it to your budget to get more infor- 
best: SS tebeMk eu lt_-Be) wer: SOGR celebabel-- bu -1-l as 2m. \ 


representative today. 
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SWAGING MACHINES TURKS HEADS 


ORAW BENCHES WIRE AND TUBE MILLS 


PRECISION PERFORMANCE e DEPENDABILITY 


ROLLING MILLS 


<> METAL 
FORMING 
MACHINES 


that meet 
the challenges 
of the GO’s 


WIRE FLATTENING LINES 


Within a relatively short span of years the name FENN has become 
well-known to users of metal forming equipment. In rolling mills .. . 
wire mills...in the nuclear industry ...and wherever else ferrous 
or nonferrous metals are rolled, drawn, or formed to precision 
tolerances, Fenn machines are producing profits for their users. 
The extensive Fenn line is built on long experience in the manu- 
facture of precision machinery and an equally long reputation for 
performance and dependability. Behind every Fenn machine is un- 
excelled engineering... from design to inplant checkout and con- 
tinuing field service, plus an organization that strives to do every 
job better than the expected. Whatever your metal forming ma- 
chinery requirements, you can depend upon your nearest Fenn 
representative for his experienced advice and practical help. Com- 
prehensive literature will be promptly sent upon request. The Fenn 
Manufacturing Company, Fenn Road, Newington, Connecticut. 


Pay od Fac y RE 
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Research LINAC 


Radiation Handier—Mobot® Mark I! 


Detector — Preamplifier 


Opportunities in basic research 
or development engineering 
in our expanding 


nuclear 
electronics 
laboratory 


progra ms: Operating in a radiation environment 


* is a many faceted problem that offers 
challenge and growth to many kinds of engineers and 
scientists in our Nuclear Electronics Laboratory. They 
are contributing to such projects as: simulating radiation 
environment to study the radiation resistance of elec- 
tronic components and systems; the design of LINACS, 
producing either electron beams, gamma rays or neutron 
pulses, uniquely adapted to current needs in radiation 
research, effects testing, medical therapy, sterilization, 
industrial processing and radiography; radiation detection 
and measurement with such devices as the Hughes 
charged particle detector; and mobile remote handling 
equipment, such as the MOBOT®. 


facilities * The laboratory's research and test facil- 

" ities include a 1 Mev beam generator, 
an underground LINAC installation and a 500-curie cobalt 
radiator. An improved 10 Mev LINAC is being con- 
structed. The unexcelled facilities of the Hughes Aircraft 
Company, which include 5 million square feet of research 
development and manufacturing area, support the tech- 
nical competence of a staff which is a demonstrated 
leader in electronic system and component development. 


H » Physicists, Electronic Engineers and 
openings: Mechanical Engineers to participate 
in the development of High Power Particle Accelera- 
tion, Solid State Radiation Detectors and associated 
data processing equipment or mobile remote handling 
systems. 


If you are a graduate electronic engineer, physicist, mechanical 
engineer or metaliurgist and have experience which is applicable 
to the above programs, please airmail your resume to: 

Mr. Robert A. Martin, Supervisor, Scientific Employment, 
Hughes Aerospace Engineering Division, 11940 W. Jefferson Bivd., 
Culver City 42, California. 


WE PROMISE YOU A REPLY WITHIN ONE WEEK 


At Hughes, all qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


ting a new world with Electronics 


HUGHES AIRCRAFT COMPANY 
AEROSPACE ENGINEERING DIVISION 








SCIAKY ELECTRON BEAM WELDING 





Here’s how you can combine precision research and 


practical production electron beam welding in one equipment installation 


Whether your interest in electron 
beam welding processes is for highly 
precise research or practical produc- 
tion work—or both—your data 
should be complete with details on 
Sciaky machines. They are most 
simple and practical in concept and 
operation. 


GUN DESIGN GIVES EXCEPTIONAL 
ELECTRON OPTICS 


The Sciaky Electron Gun produces 
specific beam density previously 
possible only with accelerating po- 
tential higher than 100,000 volts. 
The Sciaky gun, entirely contained 
within the atmosphere of the weld- 
ing chamber, will operate in any 
angular position. Both gun and fix- 
ture can be moved to any position 
within the chamber while welding. 





Figure 1 


Advanced focusing design results in 
electron beam welds of 12 to 1 depth 
to width characteristics. Figure 1 
shows a deep penetrating butt weld 
in type 304 stainless steel. Plate 
thickness is .5”. Note lack of heat- 
affected zone. 


GUN AN INDUSTRIAL TOOL 


The gun construction is simple and 
rugged. Precise alignment is inherent 
in design, and is not dependent upon 





SCIAKY BROS., INC., 4944 WEST 67th STREET, CHICAGO 38, 
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assembly adjustments. If necessary, 
filaments can be easily and quickly 
replaced in less than five minutes. 
As shown in Figure 2, the Sciaky 
Electron Beam Gun is small and 





Figure 2 


compact. A simple spacer arrange- 
ment optimizes gun optical system 
throughout a wide range of output 
power without compromise of spe- 
cific beam energy. As a result, the 





Figure 3 


Sciaky gun is optimized at current 
ranges of 250, 150, 100 and 50 MA. 
at 30,000 volts. Output power is 
continuously adjustable within each 
range. 


EFFICIENT PUMPING SYSTEM 


Evacuation of chamber to welding 
pressure is obtained within 3 to 10 
minutes, depending on chamber size. 
Pumping sequence is fully automat- 
ic, and without any manual adjust- 
ment. Automatic safety devices in- 
sure trouble-free operation and full 
protection of system. 


RADIOLOGICAL HAZARDS ELIMINATED 


Low voltage (30,000 v. maximum) 
and highly refined chamber design 
eliminate x-ray hazards to operator, 
which are a severe problem with 
higher voltage equipment. As a re- 
sult, the Sciaky low voltage system 
needs no costly shielding, even when 
welding at highest output. 








Figure 4 


As shown in Figures 3 and 4, com- 
plete accessibility and visibility are 
provided by this latest Sciaky de- 
sign. All sequence controls of the 
dial feed unit (Figure 4) are fully 
automatic. This production unit is 
being used to weld end-caps to tubes. 

Regardless of your specific area of 
interest, you'll find the Sciaky com- 
bination of welding experience and 
electron beam technology is well 
advanced. Sciaky is Exclusive 
Licensee under Stohr, U.S. Patent 
2,932,720. 


Please write for information — without obligation, of course! 


ILLINOIS « PORTSMOUTH 7-S600 
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From headquarters 
for radiation shielding materials: 


| 
FEDERATED LEAD PRODUCTS 


Federated has fabricated Asarco Lead into shielding devices 
in numerous designs and widely varying weights. Interlocking 
Bricks*, for example, have a unique design to provide a full 
inch of shield for every inch of lead supplied. Other Federated 
perfected products include lead sheet and plate for permanent 
installations, available in different thicknesses, lengths, 
widths: numerous stock sizes of isotope containers; stor- 
age, disposal and shipping containers in weights up to 25 
tons; lead shot to fill hollow receptacles; lead wool for cold 
caulking; and special castings to order of elbows, bushings, 
piping and other components. Write or call for Bulletin No. 
193, ‘‘Lead For Radiation Shielding.'’ Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broad- 
way, New York 5, REctor 2-9500, or call your nearest 
Federated sales office. *Patent Pending 


ATED METALS DIVISION 
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Where to call for information: 


ALTON, ILLINOIS CINCINNATI, OHIO LOS ANGELES 23, CALIF PORTLAND 9, OREGON WHITING, IND. (CHICAGO) 
Alton: Howard 5-2511 Cherry 1-1678 Angelus 8-4291 Capitol 7-1404 Whiting: Whiting 826 
St. Louis: Jackson 4-4040 CLEVELAND, OHIO MILWAUKEE 10, WIS. ROCHESTER 4, NEW YORK Chicago: Essex 5-5000 
a 5 BALTIMORE, MARYLAND Prospect 1-2175 Hilltop 5-7430 Locust 5250 

Orleans 5-2400 DALLAS, TEXAS MINNEAPOLIS, MINN. ST. LOUIS, MISSOURI IN CANADA: Federated 
BIRMINGHAM, ALA ree yy aie Tuxedo 1-4109 Jackson 4-4040 Metals Canada, Ltd. 

2 0? ! , Mi IGA NEWARK, NEW JERSEY Toronto, Ont., 1110 
peat _ Trinity 1-5040 Newark: Mitchell 3-0500 empire 43601 caieiens Birchmount Rd., 

16, MASS EL PASO, TEXAS New York: Digby 4-9460 Scarborough, Phone: 

Liberty 2.0797 (Asarco Mercantile Co.) PHILADELPHIA 3, PENNA SAN FRANCISCO 24, CALIF. = Plymouth 73246 
CHICAGO, ILL. (WHITING) 3-1852 Locust 7-5129 Atwater 2-3340 Montreal, P.Q., 1400 
Chicago: Essex 5-5000 HOUSTON 29, TEXAS PITTSBURGH 24, PENNA SEATTLE 4, WASHINGTON Norman St., Lachine, 


Whiting: Whiting 826 Orchard 4-7611 Museum 2-2410 Main 3-7160 Phone: Melrose 7-3591 








Newly 5 


completed i. 


NDA Facility 
to develop 


PU-U-Carbide 


fuel elements 





PLUTONIU 
rUE 


PROGRA 


NDA has just completed installation of a 
new Plutonium Handling Facility at its Pawling 
Laboratories to carry out a prime contract for 
plutonium-uranium-carbide fuel development as 
part of the AEC’s Fuel Cycle Development 
Program. 

The objective is to develop fuel elements cap- 
able of producing economically attractive nuclear 
power at the earliest feasible time. Plutonium has 
important potential but its fuel characteristics must 
be documented through research and development, 
such as that now going on at NDA. Current efforts 











encompass a wide variety of investigations, ranging Sirad 
5 a ‘ : roject engineer at one of glove boxes where actual work with plutonium S 
from fuel element conceptual design and fabrication is performed. Facility contains an interconnected series of metallurgical . 
through fuel irradiation and evaluation, and boxes, a series of chemistry boxes, hoods and other’ equipment for 
packaging, handling, air and inert gas circulation 


irradiated fuel reprocessing. 

This plutonium fuel program is but one 
example of the many challenging projects now 
going forward at NDA, utilizing a skilled team of 
scientists, engineers, technicians and supporting 
personnel at the company headquarters in White 
Plains and at its Pawling Laboratories. 

It takes the experience of many years and 
many people to achieve the valuable goal of utility 
through application of advanced technology. For 
a truly professional approach to research, devel- 
opment and application, look to NDA, where 
tomorrow’s advances are being worked on today. 

Current and prospective contracts at NDA 
involving the AEC, NASA, the Departments of the 
Army, Navy and Air Force, and private industry, 
provide a healthy growth climate and career 





opportunities for qualified scientists and engineers. ree oa ) e 

’ Py iifertor vien OF one Oo He Chenucda DOXES 
Apply a professional approach to your career — (above), and one of the metallurgical boxes 
research these opportunities for you at NDA. Write — bps — ting passageway. All boxes 
. ° ° « 06 re 12d Dp “ure y / ner 
in confidence to Director, Professional Personnel. a 


INIDYA@ NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y. TEL. WH 8-5800 | NDA EUROPE 31, RUE DU MARAIS, BRUSSELS. BELGIUM 
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AEC, JCAE, Industry Determined to Move on Power Reactors 


Seaborg Takes Firm Stand on Bolstering Program 
Next Year; Holifield Asks More Vigorous 
Approach; Forum Begins Study 


The push is on for stepping up the nation’s power reactor program 


next year. 
From all sides 


and industry 


few determine what 
needs to be done to get nuclear power 
off dead center. 

1. AEC. In his first policy state- 
ment on nuclear power, new AEC 
Chairman Glenn T. Seaborg came out 
clearly and boldly for (a) “moving 
ahead” on the projects already author- 
ized but stalled; (b) possibly offering 
additional incentives to industry; (c) 
if that proves inadequate, possibly 
going to a program of government 
construction. He thus gave the first 
m AEC’s authoriza- 


months to 


sign, in testimony 


tion bill, before JCAE’s subcommittee 


on legislation, that the Administration 
s prepared, and preparing, to act to 
relieve the current softness in the re- 


New Editorial Feature: Reflecting the 


accelerating developments in nuclear en- 


ergy in space, we introduce on page 28 
new department: Space Nucleonics 


actor u 
will be 
jective of economi 
1968. 

2. JCAE. Chairman Chet Holi- 
field also called—in a speech before 
the American Public Power Associa- 


idustry, and pledged that ways 
found to meet the U. S. ob- 
nuclear power by 


tion—for a new and greater effort on 
nuclear power. He said the " partner- 
ship” approach between government 
an industry had been tried and found 


wanting, and that stronger leadership 
by the U. S 


was ne ede d. 


3. Forum study. A new Atomic 
Industrial Forum group—the Ad Hoc 
Committee on National Policy—got to 


work on a several-months’ study of 
the nation’s energy sources and where 
nuclear energy fits into this resource 
picture. Chairman is Chauncey Starr, 
president of Atomics International. 
It is likely that the committee this fall 
will propose a more vigorous approach 
toward the achievement of competi- 
tive nuclear power 
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from AEC, the Joint Committee on Atomic Energy, 
came word last month that fresh and purposeful studies 
will be carried out over the next— 





Seaborg's Stand 

Admitting candidly that “during the 
past two years our experience in the 
cooperative prototype power demon- 
stration program has been disappoint- 
ing,” Seaborg declared that “We are 
interested in seeing these projects go 
forward.” He cited the 50-Mwe or- 
ganic reactor, which AEC is now 
offering to publicly-owned utilities 
(see p. 24) after privately-owned 
utilities had passed it over; the 50- 
Mwe improved-cycle boiling water 
and the 20-Mwe pressurized water 
reactor, both of which encountered 
siting problems. 

For the latter two he said AEC had 
new expressions of interest from pub- 
licly-owned utilities, to supplant pro- 
posals that have been withdrawn. 
On the organic reactor, Seaborg said 
AEC expects to begin construction 
early in 1962, “unless our experi- 
mental work encounters unforeseen 


difficulties.” He also declared AEC 


would shortly issue an invitation to 
process industries to cooperate on 
building the low-temperature process 
heat reactor, which earlier had been 
reported as being — 

New incentives. xperience in- 
dicates,” Seaborg told the subcom- 
mittee, “that it may be necessary to 
consider modifying our present ground 
rules to assure construction of addi- 
tional prototypes necessary to make 
continued progress . . . The staff has 
been studying various types of incen- 
tives such as a capital grant, operating 
subsidy, modification of prices and 
charges for nuclear materials, fast tax 
write-off and financing of long trans- 
mission lines. As yet, we have not 
reached a conclusion... We will 
expand our studies and discuss the 
problem with members of the nuclear 
industry and with this Committee. 
If we determine that financial incen- 
tives can give us the program we need 
to move ahead toward our national 
objective, we will make appropriate 
proposals to the Congress as part of 
our FY-1963 authorization request.” 

Government program. “However,” 
the AEC chief went on, if this does 
not suffice, “it might even be neces- 
sary to consider the possibly more ex- 
pensive approach of a program under 
which the Government would con- 
struct and initially operate those pro- 


Reactor projects: three up, Florida down 

Three stalled reactor projects from the AEC 1960 building 
program seemed to get new life last month—but another in the 
joint AEC-industry program withered on the vine. AEC is nego- 
tiating with Wolverine Electric Co-Op on the 20-Mwe Small 
Pressurized Water Reactor (formerly SSPWR) and with Dairyland 
Power Co-Op on the 50-Mwe Improved-Cycle Boiling Water Re- 
actor. Wolverine had proposed a 10-Mwe Foster Wheeler homo- 
geneous reactor in the second round demonstration program in 
1956; Dairyland had been a bidder on the SSPWR. Allis-Chalmers 
was AEC’s final choice to build ICBWR, American Standard to 
build SPWR, on the first go-around last year. AEC also asked for 
new expressions of interest in an experimental low-temperature 


process-heat reactor (see p. 26)... 


However, AEC terminated 


the Florida West Coast project to build a 50-Mwe heavy-water- 
moderated, gas-cooled reactor, because of “technical and economic 


uncertainties.” 


The project had been reoriented several times, 


and a new reorientation had been proposed (NU, April ’61, 29). 
Two Florida utilities, with 14 utilities in East Central Nuclear 
Group, had been working on this project, with General Nuclear 
Engineering Corp. as nuclear design agent. 
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totype plants which are needed to 
reach our goals. Under this approach, 
the Commission, using fixed-price 
competitive bidding among private 
contractors, would construct complete 
plants on publicly- or privately-owned 
utility power grids; the utility would 
operate the plant and buy electric 
power from the plant for a fixed 
period at some predetermined rate 
developed under competitive pro- 
posals from utilities. At the end of 
the fixed period, the utility would be 
cama by contract to purchase, 
and the government to sell, the plant 
at a price which would allow it to 
compete with conventional plants of 
the same size.” 

Finally, the chairman pledged con- 
tinuance of AEC’s long-range pro- 
gram, “seeking major advances or 
possible breakthroughs through labo- 
ratory work, and through construction 
and operation of reactor experiments. 
. - - I am hopeful that considerably 
more significant cost reductions will 
ultimately result from such longer- 
range programs as the development 
of reactor systems having high con- 
version ratios, breeding potential, or 
long-lived, high-burnup fuels, or sys- 
tems capable of utilizing the thorium- 
U-233 or plutonium cycles, or taking 
advantage of thermionic conversion. 
Further, we will move ahead on. . . 
reactors which may have broader uses 
than electric power generation . . . 
such things as the LAMPRE [Los 


Alamos Molten Plutonium Reactor Ex- 


periment—see p. 24] program, the 
molten-salt reactor experiment, the 
beryllium oxide reactor experiment, 
the high-performance liquid-metal re- 
actor experiment which is an offshoot 
of the terminated Aircraft Nuclear 
Propulsion program [the Pratt & 
Whitney molten lithium reactor, 
which AEC is considering converting 





ESADA: Some Striking Thoughts on Nuclear Power 


Some unusually interesting statements on nuclear power economics were 
made last month by Empire State Atomic Development Associates, Inc. 
(ESADA), the seven-utility group in New York State which is sponsoring 
high-temperature reactor development at General Atomic and General Electric 
(NU, Jan ’61, 20). The average ESADA power cost of 7.5 mills/kwh for 
modern fossil plants is typical of several areas of the U. S. The ESADA 
comments: 

On fossil technology: “ . it must be recognized that the design of con- 
ventional power plants has improved to the point where it seems unlikely that 
further technical advances will continue to offset rising fuel costs.” 

On large power stations: “There is a definite trend in conventional power 
plant practice toward large stations. In the case of atomic power plants, the 
savings in the capital cost per unit of power output are even more pronounced. 
Indeed, it now appears that, in all but isolated instances, the ability to absorb 
blocks of generating capacity of 300,000 to 500,000 kilowatts is a prerequisite 
condition for early achievement of economically competitive atomic power.” 

On reactor proposals to ESADA last year: “Specific proposals were received 
for the research, development and construction phases of projects keyed to a 
1967 or 1968 target for plant startup. Analysis of these proposals led to the 
conclusion that if the development work proposed were successful, competitive 





related engineering improvements; 2. 


due to improved steam conditions; 3. 
utilization.” 


atomic power could be achieved on this timetable. 
were found to account for the indicated improvement in atomic-power gen- 
eration costs [over an estimated 9 mills for a plant starting up in 1965]: 1. 
increased plant size (from 300,00€ kw to 400,000 kw or more), together with 


On the general outlook: “Atomic power stands on the threshold of becom- 
ing an influential factor in the energy economy of New York State. 
present momentum of progress in atomic power development is maintained, 
there is a distinct possibility that a level of performance competitive with 
conventional ened stations will be demonstrated in actual plant operation 
before the close of the present decade.” 


Three principal factors 


higher thermal conversion efficiency 
improved atomic-fuel fabrication and 


If the 








to central station use: NU, May ‘61, 
21], the ultra-high-temperature gas 
reactor experiment which is evolving 
from the Turret project, and the re- 
actor experiments which have not yet 
been clearly identified to give us in- 
formation on the nuclear and engi- 
neering performance characteristics of 
coated particle fuel and of systems 
in which heat is transferred from un 
clad fuel to coolant by radiation 
through barrier walls.” 


JCAE Chairman Chet Holifield 





AEC Authorization Bill Totals $227.5-million for '62 








AEC formally submitted its fiscal-year 1962 construction program to the 
Joint Committee on Atomic Energy last month—asking authorization for a 
total of $227.5-million in new or expanded projects, including $114-million for 
the Stanford accelerator, $95-million for generating equipment at the New 
Production Reactor, $8-million for the Beryllium Oxide Reactor Experiment at 
Idaho (all of these projects covered in NU, May 61, 21), a $16-million in- 
crease for the Advanced Test Reactor at Idaho ($12-million for test loops, 
$4-million added building costs), $5-million for a plutonium-fuel-recycle pilot 
plant at Hanford Works, $6-million for new loops at the Experimental Organic- 
cooled Reactor, and $3.5-million to reinstate Turret, the proposed high-tem- 
perature gas-reactor experiment at Los Alamos which had been killed earlier 
this year (see page 24). 

AEC also asked $7-million for research-development assistance on unso- 
licited power reactor proposals from the utility industry and $5-million for 
waiver of fuel-use charges. AEC General Manager A. R. Luedecke said 
unspent funds of $15-million for unsolicited proposals and $7-million for use- 
charge waivers are available to aid the 360-Mwe reactor of Southern California 
Edison, if AEC decides to give it support. SCE and Westinghouse now have 
formal proposals before the Commission, though siting of the reactor is still 
in question (the Marine Corps continues to oppose use of Camp Pendleton— 
NU, March ’61, 24). 
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(D-Calif.) reacted warmly in mulling 
over Seaborg’s proposals. He told 
NUCLEONICS that reintroduction of 
Gore-Holifield-type proposals for fed- 
eral construction of power prototypes 
depended primarily on the final form 
of the fiscal-1962 AEC construction 
budget voted by Congress this year 
( page 18). Specifically, they de- 
pend on whether generating facilities 
costing $95-million for the controver- 
sial Hanford New Production Reactor 
are voted this year. “If Hanford 
makes it,” Holifield said, “that means 
things are going pretty well right 
now. If not, then we can start talk- 
ing about a federal construction pro- 
posal to get on with the program.” 
At the subcommittee hearing on 
the authorization bill, Rep. Jack 
Westland (R-Wash.) objected during 
Seaborg’s presentation to a federal 
reactor building program. “If you 
could solve the reactor site and safety 
problems,” Westland said, “you could 
be building right now the Southern 
California Edison, the Pacific Gas & 
Electric and the Los Angeles—Pasa- 
dena reactors. A number of projec ts 
would be moving.” [The second of 
the three mentioned by Westland, 
PG&E, has been reported to be held 
up by economic, not siting, problems. ] 


Holifield's Views 
In his APPA Holifield 


speech, 
began by emphasizing “that the de- 
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velopment of atomic power is no less 
important now than it was a few 
years ago... We should hasten 
this day [of wide use of nuclear 
power] to the extent that we can by 
initiating a positive and effective pro- 
gram to develop atomic power plants 
that are safe, reliable and economic. 

“Our slow progress,” the Joint 
Committee leader went on, “in my 
opinion has been primarily due to the 
adoption by AEC in 1954 and 1955 
of an ineffective approach to solving 
these complex technical and economic 
problems . . . 

“With the defeat of the Gore-Holi- 
field bill, the so-called ‘partnership’ 
approach became the dominant pat- 
tern for the construction of atomic 
power plants. In my opinion, the 
decision to rely almost entirely upon 
this approach has delayed the devel- 
opment of atomic power... The 
‘partnership’ approach seems to have 
run its course, at least as the main 
vehicle for development plant con- 
struction 

“It seems to me high time that 
AEC move ahead with the develop- 
ment, construction and operation of 
a sequence of developmental projects 
aimed at achieving clearly-defined 
technical objectives according to a 
reasonably definite schedule... 
Once we get the NPR generating fa- 
cilities authorized, and _ ascertain 
which of AEC’s currently-authorized 
projects should go forward, I believe 
that AEC and the Joint Committee 
should have a little get-together to 
see where we go from here 

“I certainly would not preclude the 
construction of additional plants by 
the privately-owned utilities which 
thev believe they are financially justi- 
fied in undertaking, but the U. S. pro- 
gram should not be primarily de- 
pendent on such projects .. . 

Holifield went on to declare that 
“during this developmental period it 
seems to me the federal government 
must carry the main burden of assur- 
ing strong public agency participation 
because of the unusual costs and eco- 
nomic risks involved. I believe that 
we do need an effective public effort 
in atomic power development in order 
to protect the public interest in this 
new source of energy.” 

JCAE officials said their first ste 
would be to reconstitute the 
force which worked on JCAE’s pro- 
posed ten-year reactor program in 
1958. The original panel—whose 
members may or may not all be re- 
called—consisted of Walter H. Zinn, 
Henry D. Smythe, Chauncey Starr, 
Titus LeClair, and James Grahl (NU, 
July 58, 18). When the new panel 
has completed its review, AEC and 
JCAE leaders will get together. 
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Starr Committee 

AIF’s National Atomic Policy Com- 
mittee held its organizational meet- 
ing in late April and reported to the 
Forum’s Executive Committee that 
the policy study would center on 
peaceful nuclear power, with some 
possibility of getting into other areas 
of the nuclear program. Major tasks 
of the committee include a study of 
the entire energy-resource position of 
the U. S. and a questionnaire survey 
of the Forum membership on U. S. 
nuclear power policy. The several 
members of the committee were 





Holifield 


Seaborg 


being asked to carry out study assign- 
ments with their own staffs. 

Starr said the major considerations 
in the scheduling of the study— 
which he was asked to carry out by 
Forum President Charles Weaver of 
Westinghouse Electric Co.—were: 
the change of Administrations in 
Washington; recent statements of 
government officials constituting an 
“open invitation” for industry sugges- 
tions on U. S. nuclear policy; and 
“other minor considerations.” Of the 
study effort, Starr said: 

“It might be worth taking a look 
at the whole [energy resource pro- 
gram] to see where the country is 
headed. Our objective is very broad 

we will be primarily concerned with 
the long-term goals of the atomic en- 
ergy program. . . . Our committee is 
made up of people who are qualified 
to concern themselves with the prob- 
lem, without calling in outside ex- 
perts—essentially a committee which 
is supposed to represent the whole 
atomic energy industry.” 

The committee membership, pre- 
dominantly utility and reactor-manu- 
facturing executives, reflects the com- 
mittee’s chief interest—the civilian 
nuclear power program. The mem- 
bership: Harold Quinton of Southern 
California Edison; Elmer Lindseth, 
Cleveland Illuminating Co.; W. Ken- 
neth Davis, Bechtel Corp.; Lyman 
Fink, General Electric Co.; John 
Simpson, Westinghouse Corp.; Philip 
Sporn, American Electric Power Co.; 
Eger Murphree, Esso Research and 
Engineering; and Oscar Ruebhausen, 
New York City attorney. 


Forum Regulatory Seminar 
Backs 3-Man Board Idea 


The majority of an Atomic Indus- 
trial Forum group which recently met 
to review the regulation of reactors 
has given its support to a three-man 
board within AEC, which would 
adjudicate reactor-licensing cases right 
down to final decision. The new 
board had been proposed earlier this 
year in a regulatory study of the Joint 
Committee on Atomic Energy; a 
similar proposal had also been made 
by the Univ. of Michigan. 

The Forum group also gave majority 
support to another JCAE-study pro- 
posal: the limitation of reactor review 
by AEC’s Advisory Committee on Re- 
actor Safeguards to novel safety ques- 
tions. The group had met on Apr. 12 
and, early in May, a summary of the 
meeting was sent to Forum members 
and AEC. The summary was partic- 
ularly pointed on the role of ACRS in 
reactor safety and licensing. Some 
comments on ACRS: 

“. . . the ACRS has become the 
‘betenoire’ of the AEC’s regulato 
serge . ++ Toperform eir dif 

cult tasks in the limited time avail- 

able, the ACRS has developed a 
basically standard form of brief report 
which varies from case to case onl 
in the degree of enigma built into pa 
letter [to AEC on specific projects]. 
The reports usually are not helpful to 
an uslueaiind of the project be- 
cause the bases for the Committee’s 
conclusions are not set forth... . 
For a number of reasons the advice 
of the ACRS on a particular project 
amounts to a determination that a 
license will or will not issue. To 
some extent this result is a partial 
abandonment to the ACRS of the 
Commission’s regulatory and _policy- 
making responsibilities.” 


Proposed Board 


Creation of the 3-man adjudicatory 
board—two scientists and one legal or 
judicial member—was expected to be 
explored during JCAE safety and reg- 
ulatory hearings scheduled for mid 
June; JCAE scheduled the hearings to 
review the entire nuclear-regulatory 
picture and consider what kind of re- 
organization might be indicated, if 
any. The proposed 3-man board, 
though technically a part of AEC, 
would be appointed by the President. 
It would have final licensing authority 
and advise the 5-man Commission on 
licensing regulations. As discussed at 
the Forum meeting in April, ACRS 
would confine itself to particularly 
difficult safety questions and, possibly, 
review all power-and-test-reactor sites 
in their early stages. 
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Fermi Decision of U. S. Supreme Court Due in Few Weeks 


On January 6, 1956—514 years ago 
—the 25-company Power Reactor De- 
velopment Corp. filed an application 
with AEC for permission to proceed 
with this country’s first privately- 
sponsored fast-breeder reactor—the 
100-Mwe Enrico Fermi plant which 
has since been completed at Lagoona 
Beach, Mich. (NU, May ’61, 19). 
On Aug. 31, 1956—less than a month 
after AEC had given PRDC a con- 
struction permit—three labor unions® 
took the first legal step in seeking to 
have the construction permit rescinded. 

This month or early next, the ex- 
citing chain-of-events which these 
moves touched off five years ago 
comes to a climax: The U. S. Su- 
preme Court is to decide whether 
AEC legally permitted PRDC to con- 
struct the Fermi reactor and, in so 
doing, may say some things having 
much broader impact. The PRDC 
construction permit, which AEC later 
reaffirmed on a conditional basis, was 
voided early last summer by a 
Federal appeals court in Washington 
(NU, fey "60, 21); that appeals 
court also held that there must be a 
“compelling reason” for locating any 
power reactor near a center of 
population. 

Thus there were two major ques- 
tions before the Supreme Court: 1. Is 
PRDC’s construction permit legal?; 
and 2. Must there be a “compelling 
reason” for siting power reactors near 
heavily-populated areas? Ironically, 
both of ae questions have been 
nearly mooted as the High Court 
approaches its decision. PRDC has 
Ma itself on record as feeling, in 
effect, that it has gotten its money’s 
worth whether or not Fermi is ever 
permitted to operate. On the “com- 
pelling reason” doctrine, AEC’s atti- 
tude toward power-reactor siting has 
reached a point which all but em- 
braces “compelling reason” even be- 





* United Automobile, Aircraft and Agricultural 
Implement Workers of America; International 
Union of Electrical, Radio and Machine Workers; 
and International Union, United Paperworkers of 
America—all of the AFL-CIO. 





Fermi Case Milestones 


June, 1956. 


August, 1956. 





June, 1960. 


June or July, 1961. 








January, 1956. Application of PRDC for license to design, construct and 
operate the 100-Mwe fast-breeder power plant at Lagoona Beach, Mich. 
AEC’s Advisory Committee on Reactor Safeguards said it could 

not be sure that Fermi could be operated safely at its site. 

AEC issued a construction permit but recognized that certain 
problems would have to be solved prior to operation. 
three labor unions® asked AEC to revoke the construction permit. 

December, 1958. After hearings on the labor plea, AEC affirmed the con- 
struction permit, reserving the right to re-open the proceedings. 

On appeal from AEC’s decision by the unions, the Federal Court 
of Appeals in Washington, D. C., revoked the construction permit. 

U. S. Supreme Court expected to issue its decision on the 


PRDC-Justice dept. appeal of the Appeals Court decision. 


Later that month, 





—— 





fore the Supreme Court can review it. 

On a third issue before the Court 
—arising directly from the arguments 
in the case—there may be a momentous 
ruling. This is the question of the 
extent of AEC’s discretionary author- 
ity, under the 1956 Atomic Energy 
Act, to authorize construction per- 
mits, operating licenses, etc. The 
unions have been arguing that Con- 
gress limited AEC’s discretion on 
construction permits by requiring 
AEC to pass on the likelihood of safe 
operation of a reactor before it had 
been built; the Justice dept., on be- 
half of AEC, has argued that AEC 
has authority to defer some safety 
questions until a reactor is ready for 
operation. 


Oral Argument 


The stage was set for a High Court 
decision when, on Apr. 26-27, the 
Court heard three hours of oral argu- 
ment from the principals: Solicitor 
General Archibald Cox, arguing for 
the government; Benjamin Sigal, for 
the unions; and W. Graham Claytor, 
for PRDC. Oral argument is the last 
step before a decision. 

Cox. The solicitor general, clearly 
well-schooled in the fundamentals of 
nuclear energy and of Fermi’s de- 
sign, spent a good part of his argu- 
ment describing the plant and its core 
to the Court; he used a ‘%th-size 


Argue Fermi Case Before Supreme Court 
rr 





Unions’ Sigal 
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PRDC’s Claytor 





U. S.'s Cox 


model of the core to demonstrate its 
flow and _ structural characteristics, 
giving emphasis to the bird-cage de- 
sign chosen to prevent bowing of the 
fuel elements. He also emphasized 
the “great hope” of increasing the 
world’s energy supply with breeder 
reactors. 

A meltdown of Fermi’s fuel, Cox 
explained, would result in an explo- 
sion no greater than the equivalent 
of 600 lb of TNT and all resulting 
fission products would be completely 
contained by Fermi’s pressure shell, 
which is rated at 1,000 Ib of TNT. 
When Justice Brennan asked, “No 
effect of the explosion would get out- 
side the shell?”, Cox replied: “That 
is right.” At another point, this ex- 
change took place between Cox and 
Justice Frankfurter: 

Frankfurter. “Do we sit in judg- 
ment on the conclusions of the Com- 
mission? Do we sit in judgment on 
the criteria which the Commission 
applied?” Cox: “You clearly do not 
pass [anew] on the Commission’s 
findings and expert judgment... . 
There is no argument here that such 
findings as the Commission made 
were not supported by substantial 
testimony [during 1957 hearings on 
validity of the construction permit]. 
There is some argument as to what 
the findings mean.” Frankfurter: 
“Maybe they [AEC] judged whether 
these safeguards were adequate by 
distorting what a safeguard means.” 

Cox based his contention of AEC 
legality in issuing a conditional con 
struction Sec. 50.35 of 
AEC’s This rule pro 
vides for issuance of a construction 


permit on 
regulations. 


permit “on a provisional basis” when 
ever a project's nature renders it im 
possible for the applicant to furnish 
all technical information provided 
there is reasonable assurance that the 
“general type” of reactor can be oper 
ated safely and that all necessary in 
formation on the specific reactor is 
eventually provided. “We are asking 
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you to rule,” Cox said, “that there 
was reasonable assurance that a re- 
actor of the type proposed could be 


operated . . . without danger to the 
. safety of the public.” He later 
commented: “Congress delegated the 


health-and-safety responsibility to the 
Commission.” 


‘Compelling Reason’ 


Of the three attorneys, only Cox 
mentioned the “compelling reason” 
issue. Since this issue was not thus 
‘ joined during the oral argument, it 
may not be considered by the Court. 
Cox, himself, mentioned it only briefly, 
with the comment that the doctrine 
could be found nowhere in the ’54 Act. 

Sigal. The hour-plus appearance 
of the labor attorney was marked by 
much questioning by the Court 
(during the entire three-hour argu- 
ment, only one of the nine justices 
asked no Clark). The 
Court was particularly interested in 
Sigal’s argument that AEC had vio- 
lated both the Act and its own rules 
in limiting its health-and-safety find- 
ing to “the purposes of this construc- 
tion permit.” Sigal said this had the 
effect of stating that the act of con- 
struction could be carried out safely, 
while AEC should have been passing 
on the likelihood of safe operation 
when Fermi was finished. 

He agreed that AEC would again 
review Fermi’ safety when PRDC 
applies for an operating license but, 
he insisted, this in no way relieved 
AEC of its alleged responsibility for 
barring construction of a plant unless 
it had reasonable assurance that the 
plant could be operated safely at its 
location. 


questions 


“The greatest potential hazard,” 
Sigal said, “lies in the possibility that 
the accumulation of fission products 
imprisoned in the core . . . might 
somehow—including a breach in the 


containment—be released into the at- 
mosphere and be distributed by the 


wind . These are more toxic 
than any other industrial material, by 
a factor of a million to a billion.” 


Sigal agreed with Justice Whitaker 
that “the government has the author- 
ity to say: “This is not safe; we will 
not permit you to operate it.” But 
Sigal added: “As we see it, it is es- 
sential that the Commission make a 
finding at the start before there is an 
investment of $50—100-million.” 

Among Sigal’s other arguments: 1. 
he noted that the government had 
had to provide power-reactor indem- 
nity of up to $500-million per reactor 
after the industry could 
provide only $60-million (“That, in 
itself, indicates the horrendous pos- 
sibility of an accident.”); 2. he noted 
AEC’s two “conflicting functions”— 


insurance 
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promotion and regulation—with AEC, 
in this case, providing developmental 
funds to PRDC while simultaneously 
regulating its activities (“That is an 
open invitation to schizophrenia. . . . 
We think this double function must 
have a very substantial impact on the 
way the Commission handles its regu- 
latory responsibilities.”); and 3. ac- 
cused AEC of being ambiguous in its 
findings on the construction permit 
(“We are left to choose between con- 
flicting inferences in the Commission’s 
own words and—more than that— 
the Commission did not follow the 
law.”). 

PRDC attorney Claytor, in an argu- 
ment that lasted only 15-20 minutes, 
came up with something of a sur- 
prise: he said the PRDC sponsors had 
already gotten “a great deal of infor- 
mation” for the research-development 
dollars they invested in the project. 
Thus, he argued, there would be no 
pressure on AEC to permit operation 
of the plant and “the money has been 
written off as research-and-develop- 
ment expenditures.” 

“Should Fermi turn out less suc- 
cessful than we had hoped,” he ex- 





plained, “it will not be constructed 
as a failure—because we have already 
compiled a great deal of information. 
... There is no possibility that, 
should this plant not be permitted to 
operate, there would pressure 
brought to bear on the Commission. 
. . . It would not be a white ele- 
phant. We have already decided an 
enormous number of metallurgical 
and other problems which would be 
of value to future reactors.” 

On the legality of the construction 
permit, Claytor argued that AEC had 
applied a valid approach to power 
reactors which are developmental— 
implying that, when SS 
technology passes the developmental 
stage, conditional construction per- 
mits might not be necessary. On 
this question Claytor made two 
points: 1. unless AEC had discretion 
on developmental reactors, the utility 
industry might not be able to partici- 
pate in reactor construction; and 2. 
regardless of its policy on construc- 
tion permits, AEC had the power to 
bar operation of any reactor at any 
time, on safety grounds. The court 
will act by fall at latest. 





AEC Reorganizes Reactor Development Div.; New Offices 
Stress Civilian-Reactor, Advanced-Reactor, Safety Areas 


AEC’s Reactor Development div. 
began to function last month under a 
basic re-organization plan. At mid- 
month the reshaping had not been 
officially announced. But General 
Manager A. R. Luedecke had given 
Division Director Frank Pittman an 
okay to operate under the new organ- 
izational concept wey Luedecke’s 
formal approval. These features char- 
acterized the re-organization: 

@ Civilian Reactors and Advanced 
Reactors sections are cast in more 
important and essentially new roles. 
Each will get additional manpower 
and be headed by an associate divi- 
sion director, a title one step higher 
than the present assistant directors for 
the various reactor offices—which in- 
cludes the military reactor offices. 

@A new safety office to develop 
experimental reactor safety information 
is to be set up within the Division. 
The work of this office will be to 
develop data under controlled experi- 
ment conditions which would define 
maximum credible reactor accidents. 
Maximum credible accidents pre- 
viously have been postulated on the 
basis of theoretical calculations, but 
the new office will operate a destruc- 
tive-testing facility to determine such 
data on a number of different reactor 
cores experimentally. Construction on 
the facility is planned for a fiscal-1963 
start at the National Reactor Testing 


Station. Joel Lieberman, now chief 
of the Division’s Environmental and 
Safety Engineering branch, it is 
understood, will become chief of the 
new office. 

@ The Advanced Reactors section 
will be headed by Jack Armstrong, 
former deputy director of the air- 
plane, Rew a and SNAP programs. 
Les Staebler, now senior assistant 
director to Pittman, was understood 
to be the choice for the associate 
director's post for the Civilian Re- 
actors section. Both will have “sign- 
off” responsibility for all projects un- 
der them. Formerly, Pittman made 
all the final decisions. 

A special contract-administration 
“trouble-shooting” office has been 
established under Staebler. The spe- 
cial mission of this office is to relieve 
the regular technical staff of time-con- 
suming administrative details not 
directly related to research-develop- 
ment. Keeping AEC’s civilian power 
reactor projects on schedule would 
fall under this office. 

According to Pittman’s ideas, the 
Advanced Reactors section is to con- 
centrate on long-range development 
possibilities ordinarily lost in day-to- 
day activities. Government develop- 
ment work on new concepts would be 
contracted for by this office from the 
concept itself through the proof-of- 
principle stage. 
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Brazil’s New Atom Chief Moves to Expand Nuclear Program 





Ree 


Brazil’s new nuclear chief, Prof. 


Marcelo Damy de Souza Santos, is 
charting a considerable expansion of 
Brazil's nuclear power plans. Two 
small demonstration power reactors 
are being considered for addition to 
the program, and the Mambucaba 
River project, originally envisaged as 
a 150-Mwe reactor, is now being re- 
studied as a station of either a single 
350-Mwe reactor, or twin units of 
150-200-Mwe each. 

Appointed by new President Janio 
Quadros to take over leadership of 
the National Nuclear Energy Com- 
mission (NU, April 61, 30), Damy 
has responsibility for perhaps the 
leading—certainly one of the two 
leading—national nuclear programs in 
Latin America. Brazil has two 
operating research reactors: a 5 
Mwth Babcock & Wilcox pool (Latin 
America’s first reactor) at the Univ. of 
Sao Paulo Nuclear Research Institute, 
of which Damy had been director until 
moving to NNEC this winter, and a 
Triga at the Univ. of Minas Gerais 
at Belo Horizonte. An Argonaut, 
under construction in Rio, is to be 
completed in eight months. The 
country is rich in thorium, and has 
done considerable work on nuclear 
source-material processing. For her 
first power station, planned last year 
for the Mambucaba River site (NU, 
Aug. ’60, 30), world-wide invitations 
for proposals were to be issued last 
September, but this was postponed 
for the review under way. 

The Mambucaba site, 85 mi west 
of Rio de Janeiro, has been dropped 
because of unfavorable geologic con- 


ditions and insufficient flow in the 
river for reactor cooling. The new 
site has yet to be chosen. Inter 


nuclear Corp., Clayton, Mo., and 
Kennedy & Donkin of London, are 
helping Brazil draft new specifica- 
tions. The project is taking on 
aspects of a crash program: target 
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date for completion of the first station 
is still late-1965. “It will be met,’ 
Damy declares. Although Brazil's 
long-range program calls for use of 
thorium—U-233 breeders, it is con- 
sidered questionable whether this first 
station would be thorium fueled be 
uise of the short time schedule. 

Of the 2 small units under study, 
ne would be a 15-Mwe unit, probably 
using the thorium cycle, to be built at 
Sao Paulo. It is described as the first 
power reactor to be designed and 
built in Brazil, and would be in opera- 
tion by 1965. The other would be 
20 Mwe, possibly larger, fueled with 
either U-235 or thorium; it is to be 
built in northern or northeastern 
Brazil, and is also to start up by 1965. 
(A study team has just recommended 
that it be a 50-100-Mwe unit, bought 
ibroad. ) 

Basic goal of the NNEC, Damy 
told NUCLEONICs, is to carry out a 
program to make Brazil self-sufficient 
in nuclear fuel and reactors within 
the next five years. To this 
NNEC is being completely reorgan 
ized, he said, and will function under 
the newly-created Ministry of Mines 
and Energy. Despite big new hydro 
projects soon to be completed, the 
main population and industrial cente1 


end, 


kw. Of the capacity, about 
400,000 kw is to come from thermal or 
Despite an economy 


new 


nuclear sources. 
drive, President Quadros has given 
high priority to nuclear development. 


Damy estimates cost of a 350-Mwe 
reactor at “not less” than $65-million 
but savs local funds are assured from 


government sources and local Brazilian 


and foreign power companies. For 
eign financing offers have been re 
ceived. 


Three possible sources of fuel are 
seen. 1. If enriched U is used at 
first, the existing U. S.-Brazilian bi 
lateral accord, providing for supply 
of fuel for a 10-Mwe reactor, would 
have to be broadened. 2. Brazilian 
scientists have deve loped a process 
for deriving nuclear-grade U from 
sodium uranate; but obtaining suf- 
hcient quantities to fuel a large re- 
uctor by 1965 is not considered prob- 
able. If the first big station is 
natural-U fueled, the uranium would 
probably be imported. 3. NNEC 
has already bought a plant for re- 
fining thorium trom monazite, and 
theoretical and experi 
mental work on the thorium cycle has 
been done at the Sao Paulo Institute. 

Plans for construction of a uranium- 


lant at Pocos de 


considerable 
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French Cold-Storage Magnate Leading Commercial Effort 
To Perfect Irradiated Potatoes and Other Foodstuffs 


A Frenchman who is making his fortune in cold-preservation of food— 
and who thus might ordinarily be expected to be quite prejudiced against 
radiation preservation—is spearheading the most advanced commercial 
food-irradiation program in the Free World. He is Pierre Vidal, 


president of a cold-storage and 
food-packing firm in Lyons and 
founder-president of Conservatome, a 
food-irradiation firm established by 
more than 30 French food and agricul- 
tural companies. 

Largely because of Vidal and Con- 
servatome, French irradiation technol- 
ogy is far enough along technically 
and economically—as against psycho- 
logically and regulatorily—to intro- 
duce irradiated potatoes to the French 
consumer within a year. Conserva- 
tome has taken potato irradiation to 
the pilot-plant stage and Vidal esti- 
mates that commercial quantities 
could be irradiated to inhibit sprout- 
ing for less than 0.5 cents/Ib (cobalt 
cost of $1/curie an attractive cost 
to potato marketers because of over- 
compensating weight savings. 

However, irradiated potatoes have 
been neither cleared by the French 
health authorities for human consump- 
tion nor, of course, yet tested against 
the consumer-resistance barrier inher- 
ent in radiation-treated food. Be- 
tween these two factors, the market- 
ing of irradiated potatoes in France 
ippears to be several years away. 

Nevertheless, it is significant that 
the French impetus has been com- 
mercial, rather than governmental; the 
food industry will not have to be 
talked into radiation preservation by 
the government but, instead, awaits 
only governmental clearance to pro- 
ceed, first, with potato irradiation and, 
eventually, other food products (Vidal 
says grain deinfestation is just behind 
potato irradiation). By contrast, the 
U. S. high-dose food program has been 
dominated by the military and the 


low-dose program, just getting under- 


way (NU, Jan ’61, 23), is funded by 
ARC For both programs, mass con- 
sumption of any irradiated food 
appears so remote that it is rarely even 
discussed anymore; and if and when 
this form of food preservation is per- 


fected, the food industry may have to 
be convinced—to some extent—even 
before the consumer is approached. 


Conservatome Program 

Vidal first irradiated food products 
in 1954, using the spent-fuel pit at 
EL-2, the first experimental reactor 
at Saclay. Conservatome was formed 
in 1956, installed a 625-curie, cobalt- 
60 source at Lyons and, as of early 
this year, is operating a 3,000-curie 
cobalt pilot irradiator near Lyons at 
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Dagneux, in conjunction with a dozen 
non-food companies (the entire 
operation, also founded by Vidal, 
is known as CLAA—Centre Lyonnais 
d’Applications Atomiques). 

Over this eight-year period, the 
experimental program has included 
onions, meat, milk, eggs, jam, fruits, 

rain and even mustard—at doses 
Rea 1,000 rads to several million— 
with Conservatome operating the 
facility and acting as a clearing house 
on work of the member companies. 

Potato irradiation attracted Vidal as 
commercially promising early in the 
program. France's crop totals about 
15 million tons/yr and weight loss dur- 
ing storage is about 20%, most of it 
caused by sprouting. In 1958, Con- 
servatome had enough data on radia- 
tion dose and the proper post-harvest 
irradiation period to run an extensive 
test on that year’s crop. Several hun- 
dred pounds of the variety which con- 
stitutes 60% of French production were 
irradiated 3-4 weeks after harvest at 
doses of 7,500, 10,000 and 12,500 rads; 
intensity was 108,000 r/h at 60 deg F. 

After a year in storage (a well- 
ventilated dark room at 50 deg F and 
85% relative humidity), none of the 
potatoes irradiated at 10,000 and 
12,500 rads had sprouted; the 7,500- 
rad lot had begun weak sprouting at 
10 months. Untreated potatoes 
stored under the same conditions had 
sprouts exceeding the limit for con- 
sumption after six months. 


Conservatome’s first cooking and 
taste tests were made with the 1959 
crop; 10,000-rad samples were com- 
pared with untreated potatoes stored 
at the traditional 40 deg F and with 
potatoes a month old. Cooking times 
were 20 min for untreated potatoes, 
16 min for the irradiated samples and 
15 min for the new potatoes. The 
untreated potatoes from storage were 
lumpy, hard to mash and dark yellow 
in color; the irradiated potatoes re- 
mained firm, easy to mash and of the 
same light-yellow color of the new 
potatoes. 

Lyons is a gastronomic center of 
France and eight local citizens tested 
the untreated and irradiated storage 
potatoes. Boiled in their jackets and 
eaten unsalted, the irradiated potatoes 
won easily, with no trace of an 
“earthy” flavor characteristic of a long- 
stored potato. In mashed and french- 
fried form, the two lots were rated 
about equal. Last year, the French 
Army began toxicity tests—feeding 
Conservatome-irradiated potatoes to 
rats. 

When the 1961 crop comes in early 
this summer, Conservatome expects to 
irradiate a ton of peso at Dagneux, 
plus a half ton of grain. These will 
go for further wholesomeness tests ex- 
pected to take irradiated food another 
step closer to the market in France. 


Government Approval 

The French have a git. | pro- 
cedure for regulating the marketing 
of irradiated food: 1. an intermin- 
isterial commission must approve the 
use of the radiation source involved; 
and 2. the Public Health Ministry 
must approve consumption. The pub- 
Ne health body, in turn, gets advice 
from the National Council on Hygiene 
and the Academy of Medicine. 
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food-irradiation facility at Karlsruhe. 


mercialization. 


food irradiators. 
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Food-Irradiation Activity Widespread in Europe 


Western Europe as a whole is doing much work on food irradiation, with 
about sixty research centers active and the general emphasis on low-dose 
irradiation. Both France and Great Britain have pilot-plant installations but 
the British facility, Wantage (NU, Feb ’60, 100), is aa 
food irradiation. The Germans, doing both applied and fundamental re- 
search, expect to have in operation by the end of this year a fairly elaborate 
Low-dose sprout inhibition of potatoes 
(story this page), medium-dose irradiation to destroy salmonella bacteria in 
eggs, and deinfestation of grains are the three applications closest to com- 


The Food Irradiation Study Group of the European Nuclear Energy Agency 
is trying to establish itself as a European-wide food-irradiation focal point. 
Under its aegis, an international panel is to be formed to work out safety, 
regulatory and other ground rules for international acceptance of food and 
non-food products (such as medical supplies) treated with radiation. The 
ENEA group may eventually, as well, sponsor the fabrication of European 


The most advanced potato-irradiation program is in the Soviet Union, where, 
according to Western officials, some 100 tons of potatoes are being marketed 
annually; radiation source is a 25-50,000-curie, cobalt-60 facility (NU, Nov. 


only incidentally for 
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REACTOR NEWS 


YANKEE: 11-13-MILL POWER ON FIRST CORE? 


This is the optimistic outlook of the Yankee reactor’s 
operators, — at an all-day symposium in New 
York on early operating experience with the Rowe, 
Mass., plant. The forecast is significant because early 
estimates of a few years ago had, at their most optimistic, 
aes a possible power cost of 12-14 mills/kwh, 
ut only with the third or fourth core. “We are in a 
much better frame of mind now,” the symposium was 
told. “If we can stay on the line at full power for at 
least 7000 hr/yr, we can wind up in the 11-13 mills/kwh 
range. Further cost reductions can result from in- 
creasing output, increasing core life, and reducing fuel- 
cycle cost.” Output has already been increased from 
120 to 125 Mwe gross (= 116 Mwe net) without 
exceeding the licensed reactor power of 392 Mwth, as 
the reactor is proving slightly more efficient than pre- 
dicted. And permission has been asked of AEC to in- 
crease power to 485 Mwth—145 Mwe gross, 136 net. 


TWO MORE FIELD REACTORS FOR ARMY 


Two Army reactor projects, a new and an old, made 
news last month. The Corps of Engineers asked Con- 
gress for authorization to order its sixth°—and smallest 
—field reactor in fiscal-’62: ML-1A, first field version of 
the ML-1 (Mobile, Low-power) which went critical in 
Idaho March 30 and will go to full power (300-500- 
kwe) this fall after its gas turbine is delivered... . 
Meanwhile, an undisclosed number of bids of MH-1A 
(Mobile High-powered), the barge-mounted reactor 
project, was received by the Corps of Engineers, in a 
second round of bidding after first-round bids were 
thrown out (NU, April ‘61, 21) in an effort to get 
estimated $17-million cost closer to the Engineers’ own 
estimate nearer $12-million. Among those bidding in 
this new round—for a first-phase, 6-months’ design con- 
tract, with options on succeeding phases leading to 
operation in 1965—were known to be Maryland Ship- 
building & Drydock with Martin Co.; Todd Shipyards, 
Alco Products, and George G. Sharp Inc.; Sun Ship- 
building with Allis-Chalmers; and Electric Boat division 
of General Dynamics, Rawls Bros, shipyard at Jackson- 
ville, Fla., and Walsh Construction Co., New York, each 
of the last three with Westinghouse. Only first-phase 
design funds, about $600,000, are available. 


PROPOSALS ASKED ON 50-Mwe OMR 

AEC has asked for proposals by July 24 on the 50-Mwe 
5 mag Cycle Organic Reactor. The bid follows an 
earlier call for expressions of interest, to which nine 
utilities responded (NU, March ’61, 31; summary of 
responses in NU Wk, 16 Feb ’61, 2). The invitation 
goes to cooperatively- and publicly-owned utilities gen- 
erally, and specifically to those four of the nine whose 
responses are considered promising: Burlington, Vt.; 
Dairyland Power Coop, LaCrosse, Wis.; Grand River 
Dam Authority, Vinita, Okla.; and Plains Electric Gen- 
eration & Transmission Coop, Albuquerque, N. M. 
The Advisory Committee on Reactor Safeguards has 
already approved the sites proposed by these four. The 
five others have been informed by AEC wherein their 
proposals fell short, but may propose if they choose 


TURRET PROJECT REINSTATED 
AEC has restored funds to build the Turret high-tem- 





* Earlier ones include PM-2A, in operation in Greenland; SM-1A, near- 
ing completion in Alaska; PM-1, to be installed at Sundance AFB, Wy- 
oming, this summer; PM-3A, to be delivered to McMurdo Sound 
Antarctica, this winter; and PL-3A, requested of Congress early this year 
for construction at Byrd Station, Antarctica. 
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perature gas-cooled unclad-fuel reactor at Los Alamos 
Scientific Laboratory—largely on the urging of New 
Mexico’s Sen. Clinton P. Anderson, vice-chairman of the 
Joint Committee on Atomic Energy. $3.5-million in new 
funds is provided for reinstating Turret. Turret had 
been dropped earlier this year (NU, March ’61, 31). 


LAMPRE CRITICAL 

The Los Alamos Molten Plutonium Reactor Experiment, 
five years in development and construction (NU, Feb. 
56, 14), started operations in April at 950° F. A fast 
breeder and believed to be the world’s first molten Pu 
reactor, LAMPRE uses a eutectic plutonium-iron alloy 
(90% Pu) contained in 138 tantalum thimbles 8 in. high, 
%% in. dia, to make a 6 xX 6-in. active core; each thimble 
contains 170 gm Pu-Fe. Molten sodium is coolant. 


DRESDEN, EBWR CRITICAL AGAIN 

Dresden returned to operation April 20 following re- 
placement or modification of control rod blades and 
rod drive components. Down since Nov. 15, 1960 (NU, 
May ’61, 25), Dresden will now be put through a low- 
level critical testing program to calibrate the worth of the 
new control rods and also to determine the characteristics 
of the proposed Core-2 fuel using 12 developmental 
Core-2 elements... Argonne’s veteran Experimental 
Boiling Water Reactor returned to criticality after ex- 
tensive modifications to permit 100-Mwth. The at- 
tempt to reach 100 Mw will not be made until later this 
summer, after two reboilers have been installed. 


RESEARCH REACTORS ORDERED, COMPLETED 
Northrop Corp. will buy a Mark-F pulsing type Triga 
for its Norair Division’s new Space Radiation Labora- 
tory, Hawthorne, Calif. It will be used, on completion 
late this year or early next, to simulate radiation condi- 
tions in studies on the effects of space radiation en- 
vironments. For General Atomic this is its 23d Triga, 
and its first sale to a commercial concern. .. Lock- 
heed has sold a training reactor—a 0.5-1-kwth pool— 
to Purdue Univ., for spring 1962 completion. Lock- 
heed’s winning bid (of 12) was $106,000. Lockheed 
previously sold five small reactors... AMF Atomics 
completed its 15th research reactor when Portugal's | 
Mwth pool went critical at Sacavem near Lisbon. 


NAVY: DIW STARTED, 10 MORE S5Ws 

A program to develop a naval reactor that can be used 
in single units, rather than pairs, to power a true de 
stroyer (2,500-3,500 tons) has been started at Westing- 
house’s Bettis Lab. It is called DIW. The Navy’s first 
nuclear destroyer-leader, Bainbridge—launched at 
Quincy, Mass., April 15—requires two D2G (General 
Electric) reactors and consequently a 7,600-ton hull 
to house them—the size of many a small cruiser. . . 
The Navy issued contracts for primary-loop components 
for ten SSW submarine reactors, for the ten Polaris units 
in President Kennedy’s acceleration program. Five 
went to Westinghouse, for $27,130,000; five to GE, 
for $26,639,600. The GE job will be handled by the 
submarine procurement group MAO—Machinery Ap- 
paratus Organization—set up last winter as a counter- 
part to Westinghouse’s Plant Apparatus Division to share 
the load (and compete) with Westinghouse in build 
ing SSW reactors... Meanwhile the Navy's fleet of 
operational nuclear subs grew to 20 as three more went 
to sea. Sculpin and Scamp are sisters of Skipjack, 
Thresher is first of the improved-Skipjack class; she 
immediately set a new deep-diving record first time out. 
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WORLD NEWS 


Westinghouse, Berlin in Design Pact 





The electric utility of the enclave-city of West Berlin, 
BEWAG, was one of the possible starters for the first 
round of the U. S.-Euratom power program, but did not 
make the Oct. 20, 1959, deadline. Last month 
BEWAG chose partners for the forthcoming second 
round—and Westinghouse had the coveted assignment. 
BEWAG gave a design contract for a 150-Mwe pres- 
surized-water reactor, for end-1965 completion, to a 
team of Westinghouse, reactor; Siemens, turbogenerator; 
Kaiser Engineers, architect-engineer. There is no com- 
mitment to build. Construction, if decided on, would 
have to begin no later than early 1963 to meet the 
completion deadline. The plant would be an improved 
Yankee or SELNI model; one of the chief purposes of 
the design study will be to determine the appropriate 
balance between pioneering and new advances, on one 
hand, as against reliability on the other hand in a location 
so “far from home” and so difficult of easy access as West 
Berlin. BEWAG is a stock company; 57% of its shares 
are held by the City of [West] Berlin, the rest privately. 


Bonn to Subsidize KBWP Reactor 





Another step forward for nuclear power in Germany 
came when the Atomics Ministry in Bonn agreed to sub- 
sidize KBWP—the Stuttgart group, successor to AKS, 


planning to build a 150-Mwe organic-moderated power 
reactor (NU, May ’61, 26). The governmental aid, to 
the tune of $400,000, will enable KBWP to plan and 


issue specifications for the plant. Atomics International 
is now working on preliminary design of the reactor; 
Brown Boveri will design the over-all plant, to be built 
at Obrigheim near Mosbach, Baden, 40 mi north of 
Stuttgart. The station is to begin operating in mid- 
1965. Total cost is set at $65-million, of which Euratom 
will contribute $27.5-million, the European Relief Pro- 
gram $9-million, and the West German federal govern- 
ment a further $25-million. 


CENUSA Proposing Two 250-Mwe Reactors 





CENUSA (Centrales Nucleares S. A.), one of Spain’s two 
nuclear utility groups, has filed for official permission 
to build one of two large power reactors it has long been 
planning, and will shortly file on the other. The first 
would be built at a loop in the Tagus River at Castrejon 
near Toledo, for 1968 completion, the second near 
Seville to be finished by 1970. Each would have an 
output of 250-Mwe, each is budgeted at $53-million, and 
for neither has the reactor type been chosen. Pres- 
surized water, boiling water, or Calder-type gas cooled 
are possibilities. The Castrejon station would be 
financed entirely by three of Spain’s largest electric 
utilities—the three members of CENUSA. Nuclenor 
(Centrales Nucleares del Norte), the other group, has 
already asked permission to build a station in the north. 


British See Big Advance: Concrete Vessels 





In what is seen in England as one of the greatest single 
advances in the British gas-cooled and graphite-mod- 
erated reactor systems, affecting both Calder-type and 
AGR (Advanced Gas-cooled Reactor) designs, British 
reactor manufacturers are proposing an arrangement in 
which the entire primary coolant circuit is totally en- 
veloped in a single cylindrical prestressed-concrete pres- 
sure vessel. This radically new containment concept 
slashes capital cost, dramatically modifies the whole 
hypothesis of reactor safety and siting, and improves 
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the thermal characteristics of the system. In addition, 
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use and accessibility—and replaceability—of steel pre- 
stressing cabling removes several of the major un- 
certainties and deficiencies associated with large steel 
pressure vessels and their — long-term irradia- 
tion effects. A major cost advantage of the envelope 
design is its compactness, leading to cumulative savings 
of a civil-engineering nature. Direct savings are also 
inherent in a structure in which the concrete biological 
shielding and steel pressure shell are integrated. Steel 
cable can more easily be made to metallurgical specifica- 
tion than thick steel plate. Savings will also accrue 
from reducing gas ducting by orienting heat exchangers 
closely about an unshielded core. Higher coolant pres- 
sures, to 400 psi, and higher temperatures, are possible, 
improving thermal efficiency. Finally, postulated con- 
sequences of failure are less drastic: with the entire 
primary contained, worst effects of a burst duct—rapid 
loss of pressure and coolant—are eliminated. 

At least two consortia are reported ready to submit 
envelope designs for the next nuclear station, Oldbury. 
But neither the Central Electricity Generating Board nor 
the consortia will comment on the development, details 
of which are still regarded as top secret. Nevertheless, 
the general impression is that the attitudes of both 
CEGB and the Atomic Energy Authority appear favor- 
able to the new concept. 

France was pioneer of the prestressed-concrete pres- 
sure vessel for reactors, with the two huge horizontal 
concrete pressure-shells enclosing the cores of G-2 and 
G-3 at Marcoule; EDF-3 at Chinon also will have a 
concrete reactor vessel. But the concrete encloses only 
the core, not the entire primary. 


Euratom Plans Financial Aid for Reactors 





A proposal to apply $19-million from Euratom’s re- 
search budget to help any power reactor under con- 
struction or pr capo an 9 sf SENN, SIMEA and 
SENA—is on the agenda of the Euratom Consultative 
Research Committee meeting. The proposal states that 
any nuclear enterprise may apply for aid if it contributes 
to promotion of European nuclear industry, acquisition 
of knowledge, or creation of skills, and if the enterprise 
is willing to put certain information at the disposal of 
Euratom. The money could be used for fuel-element 
fabrication, supply of fuel, manufacture of reactor com- 
ponents in European countries, or meeting extra startup 
costs as compared with conventional power plants. 
SIMEA, SENN and SENA have already applied for 
such aid—all three for fuel fabrication, SENN and SENA 
also in addition for covering expected deficits during 
initial operation. The plan steully represents a deter- 
mined effort to use research-program facilities for in- 
dustrial development, to hasten the time when the infant 
European nuclear industry can break from the U. S. 
AEC’s apron strings. For example, the proposal would 
provide aid on fuel fabrication “provided the process in- 
volves at least conversion of uranium metal and claddin 

elements into fuel elements ready for use in the reactor’ 
if this is done in Euratom countries; aid would be in- 
creased by one-third if refining of concentrates and 
preparation of uranium metal were also done in Euratom. 


Australia, Formosa Start Research Reactors 





Two more U. S.-built research reactors abroad have 
gone critical: Nationalist China’s first reactor, a 1-Mw 
General Electric pool, started up April 13 at Tsing Hua 
Univ. 20 mi south of Taipei. Australia’s second, a 10- 
kw American Standard UTR (Argonaut type), went 
critical April 12 at the Lucas Heights nuclear center. 


25 








NEWS 


SL-1 Core Confirmed as Dry; Pittman Group Meets 


In late April, AEC’s Advisory Committee on Future Use 
and Disposition of SL-1—headed by Reactor Develop- 
ment Director Frank Pittman—held its first meeting since 
shortly after the SL-1 explosion in January (NU, Feb. 
’61, 17, 22). Committee members said confirmation of 
a dry core (NU, May ’61, 23) indicated that the dis- 
mantling operation would not be too complex but that 
more information on radiation in the building was 
necessary before a dismantling program could be decided 
upon; it also appeared possible that SL-1 would be re- 
turned to operation after it is cleaned up. Radioactivity 
in the building had dropped from the range 500-1,000 
r/hr to 30-200 r/hr by late April. Among the dis- 
mantling alternatives under consideration were: direct 
entry to the core in the near future, assuming radiation 
levels drop fast enough; remote removal of the core 
tte et and a delay of a year or so if this is neces- 
sary to permit direct entry. 

General Electric’s Idaho Test div. was selected by 
AEC in early May to carry out the decontamination and 
disassembly program when it is finally laid out. GE 
and AEC’s Idaho Operations Office were negotiating a 
cost-plus-fixed-fee contract calling for assignment of 
about 70 people to the task for 9-12 months. 


California Firm to Operate Commercial Burial Site 


The first commercial land-burial site for radioactive 
waste (low level) is to be operated 100 mi northwest of 
Las Vegas, Nev., by Nuclear Engineering Co., Pleasan- 
ton, Calif. The site will supersede temporary AEC 
service at the National Reactor Testing Station and Oak 
Ridge National Laboratory. Looking toward start of 
operations by July 1, Nuclear Engineering is negotiating 
a burial contract with AEC and a lease with the State 
of Nevada covering, for 99 years, an 80-acre site within 
a 46,000-acre desert area near Beatty, Nev. The com- 
pany also expects to build a decontamination and repair 
facility at the site. 


AEC Licensed-Reactor Survey Finds No Big Problems 


AEC reported in late April that a post-SL-1 survey of 
reactor licensees (NU, Feb. ’61, 23) had turned up no 
major problems. Object of the survey was to obtain a 
broad picture of reactor-safety procedures and assure 
against inadvertent criticality. Since announcing the 
survey results, however, AEC ordered the Univ. of 
Wyoming to shut down its training reactor (after an Apr. 
25 visit by an AEC inspector when no licensed operator 
was on duty). Principal findings of the survey: 1. all 
measured maximum reactivity values were in agreement 
with the licensees’ hazards reports; 2. no reactor could 
go critical on withdrawal of one control rod (as could 
SL-1); and 8. procedures involving core-reactivity 
changes were satisfactory. AEC was further investigat- 
ing unspecified reactors where nuclear instrumentation 
was not always in use when changes affecting core-re- 
activity during shutdown were made; in some cases, it is 
felt, use of the instrumentation may not be necessary. 


Seaborg Supports Non-nuclear Work at Natl. Labs 

AEC Chairman Glenn T. Seaborg has given his support 
to a proposal earlier this year by Alvin M. Weinberg, 
director of Oak Ridge National Laboratory—use AEC’s 
national laboratories for important non-nuclear research- 
and-development programs (NU, March 61, 33). In 
a speech to the American Physical Society in late April, 
Seaborg said the labs could well advance the national 
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interest by doing work on: long-range transmission of 
electricity; better control over environmental pollution; 
long-range prediction and control of weather; desaliniza- 
tion of briny water; exploitation of ocean minerals; 
biophysics ‘and biochemistry; and national resources. 

Seaborg also called for “extended effort and additional 
[government] support” in low-energy physics research. 
“Funds and facilities must be made available for vigorous 
work in low-energy nuclear physics whenever and 
wherever there are capable groups interested in carrying 
out such programs. No field of basic research is more 
ideally suited for the development of young scientists at 
our universities.” He said he intended to give attention 
“in the coming months” to the need for new and the 
replacement of old low-energy accelerators at “our col- 
leges and universities.” 


AEC Adopts Access Rule on Gas Centrifuge Work 

An access-permit program for gas ultracentrifuging tech 
nology (NU, Sept. ’60, 17) has been formally adopted 
by AEC; the process is of growing commercial interest 
in the separation of heavy isotopes, including uranium 
235. AEC imposed these restrictions on those granted 
access to AECss information: demonstration of a capa- 
bility and “serious interest in” making a “substantial 
effort” to engage in centrifuge development; reports to 
AEC on development results during and for one year 
after expiration of an access permit; all development 
data over a parallel period must be available to AEC 
inspection; a grant to the government, upon request, of 
a non-exclusive, irrevocable, reasonable royalty-bearing 
license (for government purposes) on any patent, dis- 
covery, etc., during the same period; and a grant to AEC 
of the right to use, for AEC programs, any proprietary 
data developed during the same period, subject to pay- 
ment of reasonable compensation. 

Firms wanting to build or operate a gas-centrifuge 
plant would have to obtain appropriate AEC licenses. 
Preliminary steps toward such licenses have been taken 
by Thor-Westcliffe Research, Inc., Sante Fe, N. M., and 
Decker Corp., Philadelphia. 


Two Forms of Indemnity Agreement Adopted by AEC 
AEC has adopted two forms of indemnity agreement 
into which it will enter with licensees required to main- 
tain public-liability insurance or another form of financial 
protection; there is a form for each type. A third form 

for nonprofit institutions not required to maintain 
financial protection—has been proposed for public com- 
ment by June 20. A major problem in the indemnifica 
tion area has been the “common-occurrence gap,” where 
an accident exhausts some or all of the commercial 
liability insurance available to a licensee. AEC decided 
to close the gap by reducing its indemnity “floor” of $60- 
million per facility to the level at which an accident 
might cause commercial indemnity to terminate. 


AEC Asks Interest Indications On Process-Heat Unit 
Expressions of interest from organizations using process 
steam have been invited by AEC; the expressions are 
due by June 19 at AEC’s Chicago Operations Office 
Argonne, Ill. AEC would build the reactor and—“as a 
minimum”’—the user would provide site and steam 
utilization facilities, and operate the plant and purchase 
the steam for five years. The reactor would be rated at 
80-45 Mwth, with steam pressures from 15-200 psi 
final specifications would follow determination of the 
user. Detailed proposals would be invited by AEC if 
the expressions of interest support this. 
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RADIATION NEWS 


Hughes Aircraft Gets Order for Sterilization Plant 

A turnkey order for an entire radiation-sterilization = 
has been given to Hughes Aircraft by an undisclosed 
customer. By the end of this year, Hughes is to furnish 
a 10-Mev linear accelerator, its housing and all associated 
equipment, including conveyor system. The firm was 
undecided whether to use its own staff as architect- 
engineer or to bring one in as a subcontractor. Hughes 
said the customer did not want to disclose either its name 
or the product to be sterilized but that the customer 
chose radiation over the alternative sterilization medium 
for economic reasons; the sale was Hughes’ first for a 
commercial production accelerator. The company is 
also designing a “compact” linac of 10-Mev intensity for 
medical therapy and radiography; the prototype is to be 
completed later. 


Curtiss-Wright Claims Major Advance in Co” Sources 
A major advance in the design of cobalt-60 radiation 
sources has been claimed by Curtiss-Wright. C-W is 
using the design for more than 400 solid-cobalt rods to 
be irradiated at Savannah River for the Army Quarter- 
master Corps’s Food Process Development Irradiator 
(under construction at Natick, Mass.). The rods, first 
batch of which were shipped to Savannah in late April, 
are double-encapsulated—first in stainless steel, then in 
highly pure aluminum, with a total clearance estimated 
to be less than 1/1,000th in. for both claddings. If no 
defects show up in irradiation, it will not be necessary 
to decan and recan the cobalt, precluding the need for 
remote-handling equipment normally required for these 
operations; only helium leak-testing and removal of sur- 
face contamination would be required after irradiation. 
The close-tolerance techniques of double encapsulation 
could be readily applied to any shape, C-W contends. 

The Natick FPDI, key facility in the Army's food- 
irradiation program, is to be completed early next year. 
In addition to the 1,l-megacurie cobalt irradiator de- 
signed by C-W, FPDI will also have a 24-Mev linear 
accelerator built by Varian Associates and a food- 
handling annex. 


Univ. of California Enters Civilian Food Program 

AEC has formally brought the Univ. of California at 
Davis into the Civilian Food-irradiation Program as the 
second research center. Massachusetts Institute of Tech- 
nology is the first—concentrating initially on low-dose 
irradiation of haddock and clams under refrigeration 
(NU, Jan. 61, 23). Davis, using a 30,000-curie cobalt- 
60 irradiator identical to the one AEC is supplying to 
MIT, will work on low-dose irradiation of strawberries, 
citrus, tomatoes, grapes and peaches. The idea is to 
introduce radiation to the normal processing program 
for these fruits—rather than substituting radiation for 
some other step—and thereby increase the shelf-life and 
marketing capability. First-year contract between AEC 
and Davis is $64,000. Still unsettled was the possibility 
of a third irradiation center at the Univ. of Seattle—for 
research on marine products processed in that area. 


Hanford Fission-Product Shipment Puts F3P on Line 

Oak Ridge’s Fission Product Pilot Plant (F3P) has gone 
back into 24-hr, 7-day operation, following the success- 
ful cross-country shipment in April of 120,000 curies of 
cesium-137 and 20,000 curies of strontium-90. Origin 
was the Hanford Works operated for AEC by General 
Electric. F3P was processing the strontium first, hoping 
to deliver it to Martin Co. in titanate form by mid-June 
for loading into a 105-watt remote weather station. 
Martin is to install the station in northeastern Canada, 
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for the U. S. Weather Bureau, this summer—the first 
mere. generator to go into regular service. 

Meanwhile, AEC was reported considering an invita- 
tion to industry on the construction and operation of 
waste-separations capacity at Hanford. Martin Co. and 
Air Reduction Co., as a team, have been studying this 
possibility for more than a year (NU, Apr. ’60, 31). 
AEC is expected to have a round of bidding this year on 
separations proposals; of major interest are the radio- 
isotopes required for isotopic-power sources, including 
strontium-90. 


AEC Invites Comment on Tritium Use in Auto Locks 

A proposal to use tritium for illuminating automobile 
locks has prompted AEC to ask public comment “on the 
general question whether it should authorize the use of 
radioactive materials in consumer goods where control 
over the disposal of the radioactive materials cannot be 
exercised, even though the radiation dose to individuals 
in the population may be extremely low compared with 
natural background radiation.” A petition to exempt 
auto-lock illuminators (those containing no more than 15 
millicuries of tritium) from AEC licensing requirements 
was filed with AEC by a Bernard Heinz, Scranton, 
Penna. There would be no external radiation from the 
device; thus, AEC said, there would be no hazard, pro- 
vided the devices were built to manufacturing s cik - 
tions AEC would establish. AEC estimated that the 
use of tritium in all potential luminous products would 
no more than approach tritium radiation now occurring 
in nature. AEC recently approved the use of tritium 
in timepiece dials, but as a substitute for radium, which 
gave off considerably more radiation. Comments on the 
tritium question are due by about June 25. 


RMI Perfects Irradiated Wire, Looks to Polaris 


Radiation Materials, Inc., a joint venture of Radiation 
Applications, Inc. and Loral Electronics Corp., both of 
New York City, said last month it expected in the near 
future to be selected the second supplier for irradiated 
polyolefin hook-up wire used in the Polaris missile; 
Raychem Corp., qualified last year as the first supplier 
(NU, Apr. ’61, 32). RMI said it would probably com- 
plete eligibility tests in May for the Polaris’ builder, 
Lockheed Aircraft Corp., and would demonstrate produc- 
tion capability by the end of June; both specification 
conformity and production capability must demon- 
strated to qualify. RMI was proceeding with a “crash 
program,” under General Manager David Sahud, to get 
into wire production for Polaris and other missiles and 
space vehicles either committed to irradiated wire or on 
the verge of such commitments. 


Lockheed Getting into Nuclear-instrument Field 


A Lockheed Aircraft group in the Georgia div. has been 
given management clearance to enter the nuclear-instru- 
ment field. Robert Butenhoff, acting manager of the 
Division’s Nuclear Measurements dept., is directing the 
program, with emphasis on custom instrument systems 
such as a special 400-channel analyzer sought by White 
Sands Proving Ground, N. M. “We will come out with 
a line or products but our major effort is to try to satisfy 
certain system requirements,” Butenhoff explained. The 
department is already marketing ionization chambers and 
intends to get into the manufacture of a scaler, amplifier, 
pre-amplifier and other modular-type components re- 
cently developed. “We have a lot of capability when 
we join forces with Lockheed Electronic Products [New 
Jersey] and the [Lockheed Missiles and Space div., 
Sunnyvale, Calif., builders of Polaris].” 
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SPACE NUCLEONICS 


Gatlinburg Meeting: F inger Urges Mars-Venus Push 


Nuclear Rocket Manager Harold B. Finger, of AEC and 
the National Aeronautics and Space Administration, 
highlighted a nucleonics-in-space conference at Gatlin- 
burg, Tenn., last month with the suggestion that the 
nuclear-rocket program be oriented toward beating the 
Russians to Mars and Venus. “Although it could not be 
done in this decade,” he said, “perhaps we must aim our 
program for Mars and Venus. We may not beat the 
Soviet Union to manned lunar landings—because of their 
head start—but we should be able to plan a program to 
beat them to the planets. Our program would, there- 
fore, be a long-range one with the moon as a preliminary 
objective and the near planets as our ultimate objective. 
Under these circumstances, the nuclear-rocket system 
would have to be our major propulsion development.” 
Finger declared: “We believe that we are ahead of the 
Russians in the development of nuclear propulsion sys- 
tems and we, therefore, believe that we can beat them 
in the long-range space program.” Other highlights of 
the Gatlinburg meeting: 

Reactor Flight Test. Finger disclosed that all four 
contractors under the Reactors-in-Flight-Test program 
(RIFT—NU, Jan 61, 21) have recommended that first 
flight tests take place at Cape Canaveral—with a nuclear 
stage boosted by a Saturn chemical vehicle. “Such a 
flight test approach,” Finger noted, “could lead to the 
development of a Saturn vehicle with a nuclear third 
stage [Saturn D (NU, May ’61, 22)].” Flight-test 
target for the first nuclear rocket is in the timespan 
1965-67. 

Von Braun. Wernher von Braun, director of NASA's 
Marshall Flight Center, gave the Gatlinburg audience a 
90-min briefing on the Saturn program. During a ques- 
tion period, he had some interesting comments on 
whether nuclear rocketry should be accelerated to help 
the U. S. “leapfrog” the Soviet Union on booster capabil- 
ity: “I believe that the nuclear-rocket propulsion program 
has a tremendous future, insofar as our long-range pro- 
gram is concerned. . . . Once we have it we will be 
able to do things we cannot do with chemical rockets. 
[However] if the task is to beat the Russians in the next 
few years, I do not think we should look to the nuclear 
rocket. . . . It is a very fine thing for the day after 
tomorrow. . . . However, if you are going to have some- 
thing tomorrow, you are going to have to do something 
today.” Von Braun also said he believed “that the 
future of the nuclear rocket lies in upper stages—not in 
ground-launched vehicles,” primarily because of the psy- 
chological problems associated with terrestrial flights. 
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Does Your Company Have A Market 
In The Nuclear Industry? 


Then it should be listed in the 1961-62 annual 
November nuc.teonics Buyers’ Guide to nuclear 
products, materials and services. Free listings in the 
Buyers’ Guide are based on questionnaires sent to 
companies by NucLEonics. If you did not receive a 
questionnaire in 1960, then write to 

Buyers’ Guide Manager, NUCLEONICS 

330 W. 42nd St., New York 36, New York 
giving the company address and the name and title 


of the person who can best categorize the products 
and their nuclear applications for your company. 











Fast Rocket Reactors. Ralph S. Cooper of Los Ala- 
mos, reporting indirectly on LASL’s interest in fast re- 
actors for rocket propulsion, said this reactor type offered 
considerable promise in the low-power range (1-—2,000 
Mw). Comparisons with both chemical and graphite- 
reactor systems indicated that fast reactors would offer 
payload advantages in satellite or deep-space applica- 
tions via a combination of low weight and high specific 
impulse. Possible core materials, he said, included: 
uranium dioxide (which melts at 2800 deg C), uranium 
monocarbide (2450 deg), UO: dispersed in molyb- 
denum (2600 deg) or tungsten (3370 deg), and higher 
temperature forms of uranium monocarbide (for exam- 

le, zirconium carbide). Cooper indicated that LASL 
ae not yet mounted a substantial development effort on 
fast reactors, devoting most of its nuclear-rocket energy 
to the graphite reactors of the current program. 

Tungsten-184. Seymour A. Levin of the gaseous-dif- 
fusion group at Oak Ridge reported on an economic 
study—requested by NASA’s Lewis Research Center 
on enriching tungsten in its isotope-184 for use as a 
nuclear-rocket core material (see story below). En- 
riched tungsten offers higher operating temperature 
(and, thus, higher specific impulse) than graphite—and 
lighter weight, as well. Also, because its low absorption 
of neutrons means a reduced requirement for enriched-U 
fuel, “much of the cost of separating the tungsten iso- 
topes” should be offset, according to Levin. ORNL 
could produce fully-enriched tungsten-184 for $4,000 lb 
in a new gaseous-diffusion plant, Levin reported; large 
scale production in existing facilities would cost only 
$1,500/lb (78% enrichment); and limited production in 
the range 60-81% enrichment would cost $2,330 to 


$9,430/Ib, depending on enrichment. 
Ohio Congressman Criticizes Restrictions on NASA 


Rep. Charles A. Mosher (R-O.) complained in late April 
that NASA, at its new Plum Brook materials testing re- 
actor (NU Wk, 30 March ’61, 3), was unable to proceed 
with nuclear-rocket fuel experiments it would like to 
carry out—because of a dispute with AEC on jurisdiction 
over reactor development. Mosher thus brought out in 
the open a sensitive situation which has existed since last 
summer, when former AEC Chairman John A. McCone 
and former NASA Director Keith Glennan worked out a 
“memorandum of understanding” on the nuclear-space 
responsibilities of the two agencies. NASA has inter 
preted the memo as barring it from fuel-element devel 
opment, including experiments planned for Plum Brook. 
Lewis has been particularly interested in developing 
tungsten cores for small water-moderated, gas-cooled and 
fast rocket reactors (see story above). 

As of now, Plum Brook has been restricted to non-fuel 
experiments. However, Mosher reported that the new 
leaders at AEC (Glenn T. Seaborg) and NASA (James 
Webb) were trying to work out an arrangement more 
acceptable to NASA. 





House Space Group Restores Nuclear-Rocket Funds 





The House Science and Astronautics Committee last 
month reinstated $23.5-million in NASA’s fiscal 1962 
authorization request for the nuclear-rocket program; the 
funds must be appropriated after the authorization step 
The total includes $8.5-million for support of the engine 
development contractor to be brought in soon (NU, May 
61, 22) and $15-million for engine-test facilities at 
Jackass Flats, Nev. If another $7-million sought by 
AEC is also reinstated, some $90-million would be avail- 
able for nuclear-rocket development in fiscal 62. 
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Grayloc Pipe Connections Save ‘3 the Space 
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GRAYLOC 


smaller than flanged connections with comparable 


pipe connections are up to one-third 


maximum pressure ratings. They save wasted space — 
cut unit weight and assembly time drastically. 

An all steel assembly, GRAYLOC employs a 
pressure aided seal that can be assembled or discon- 
nected in minutes. The heart of the assembly — the 


seal ring —is completely reusable. 








Taper angle of seal-ring 
lps +s shehtly less than 
that of mating hubs. Tight- 
ening clamp causes seal 
ring ls to deflect, form- 
ing seal by spring action 











Although GRAYLOC connections are manufac- 
tured in standard stock sizes from 1” to 30”, special sizes 
for special applications are available on request. Cor- 
rosion resistant metals can be provided on short notice. 

You can use GRAYLOC connections in your piping 
system. They'll save you maintenance and assembly 
time, space and money. To learn how, write for the 
new GRAYLOC catalog. 


GRAYLOC SALES DIVISION 





Pet 


GY) Hol. Company 


6112 P.O. BOX 2291 
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People, facilities and successful ex- 
perience. ..these are reasons why 
Westinghouse is the world’s leading 
supplier of nuclear power plants 
and components. 






Westinghouse Quality Control inspector i: 
working on a nine ton stainless steel pumr 
casing at the Atomic Equipment Department 
in Cheswick, Pa Department produces 
canned motor pumps, valves and control 
rod mechanisms 
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Dr. James H. Wright, shown here with ar 
Organic moderated fluidized bed react 

model, is also doing important development 
work on the concept of an integral boiling [ 
and superheat reactor (IBSHR) w e i witt 
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Westinghouse Testing Reactor facility includes hot Critical Experiment Station at 7 React 
examination of samples. Nuclear fuels and other materia can be tested inside cylindrical fuel ele This tect ; working the w power test 
ments of reactor core. Chemical, analytical and unting laboratories are used for post-irradiation tests fa ty used t firm physics ca tions by 
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Dr. W. E. Shoupp, Technica! Director of the Atomic » 
Power Department, plays vital role n developing %. 
atomic fueled plants to the point where they will be ‘ 
nor ally competitive with fossil fueled plants.in 
> generat ( ic power 
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Skilled Machinist is working on the shell 
partment, where facili ma : j r and flange for a canned motor pump on a 


opment of 4 


advances e ept é ar 120” vertical boring mill at the Atomic 


working on cage of a fuel assemt Equipment Department, 


. Westinghouse 


Dr. Joseph C. Danko |} p pror ing z Dr. Sidney Krasik, Technical Director of Astronuclear 
f th t Laboratory, works on applications of atomic power 
in outer space, such as nuclear power propulsion, 
the nuclear ram jet and auxiliary power plants for 
space vehicles. 











Window used in the E.D.F. power nuclear reactors at CHINON /France 


SOVIREL 
PARRA-MANTOIS 


P Windows for lead shieldings 
Windows for steel shieldings 


> Windows for conventional and heavy concrete shieldings 
SAINT-GOBAIN NUCLEAIRE as exclusive 


representative is at your full disposal to solve 


your problems of observation in radioactive cells. 


SAINT, GOBAIN 
nuUCcIeaIre 


23 bd G. Clémenceau-Courbevoie (Seine) France 
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FROM RESEARCH .. 


Interesting 


‘a » 
‘ 


Perovskite 


Three layers 


Five layers 


fot ol ag) ofo] Fi gle fk 


A number of new oxide compounds with the perovskite 
structure have been developed by one of our 

groups. Investigations of related three-layered and five- 
layered structures are also in progress. To discover the 
relationships between crystal structure and physi- 
cal properties, intensive studies are being carried on to 
determine ferroelectric, ferromagnetic and dielectric 
characteristics. From this basic research may come ad- 
vanced materials superior to any currently available. 
e Our corporate-sponsored research programs into the 
fundamental nature of matter offer unusual opportunity 
to any scientist interested in doing original work. In- 
quiries are invited particularly from those with experi- 
ence in—Solid State Physics * Plasma Physics * Particle 
Physics * Nuclear Engineering * Gaseous Electronics * 
Direct Conversion * Surface Chemistry. 


lease write lo Mr. W. R. WALSH, Personnel Department: 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 
400 Main Street, East Hartford 8, Conn. 


alified applicants will receive consideration for employment without regard to race, creed, color, or national origin 
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HOW TO EVALUATE MASTER SLAVE MANIPULATORS 


Here are questions and answers and a check list of features with 
which you can compare manipulators. It will help you to select 
the models best suited to your installation and requirements. 








OPERATING CAPABILITIES 
Model8 MSM AMFSDMSM AMF HDMSM 


X-MOTION 30 LBS. 100 LBS. 100 LBS. 
(Side to side) (at normal operating extension) 
Y-MOTION 30 LBS. 100 LBS. 100 LBS. 
(back and forth) (at normal operating extension) 
Z-MOTION 65 LBS. 65 LBS. 100 LBS. 


(up and down 
with load hook) 


MANIPULATION 5 LBS. 10 LBS. 40 LBS. 


















































1. Is the biggest machine the best? 


First of all, what are your needs? The full range 
of operation requirements should dictate your 
choice. There’s no point in using a sledge for tack 
hammer service or vice versa. That is why AMF 
offers both a standard-duty and a heavy-duty 
manipulator. However, the heavy-duty “doubles 
in brass,” providing standard-duty dexterity 
and heavy-duty load capacity. 


2. Suppose my requirements change? 

They very well might, and rapidly. This is why 
the AMF Heavy-Duty machine handles light 
tasks as well as heavy with a 1:1 ratio in normal 
operating range. Why change manipulators 
when flipping a selector lever will do the job? 


Also, AMF Atomics can convert Model 8 manip- 
ulators for heavy duty service in minimum time 
with minimum expense. 


3. What makes a manipulator a true ‘‘Master Slave”’ 
and what difference does it make? 


If the tong movement exactly parallels the oper- 
ator’s (master’s), the manipulator and operator 
have a master-slave relationship. That is why 
AMF Atomics manipulators have an opposed 
finger rather than a pistol grip, which was inves- 
tigated and discarded by AMF some years ago. 
The pistol grip locates the operator’s hands lower, 
and rotation around the wrist results in un- 
natural hand positions. Further, the increased 
distance from wrist to pivot point creates un- 
favorable leverage and makes weights extremely 
difficult to handle. 


4. Steel or aluminum for boom and master trunk 
tubes? Which is better? 

The comparison is this: steel has greater 
strength, but also much greater weight and 
therefore makes for operator fatigue. The heav- 
ier the boom tubes, the more counterweighting is 
required and, consequently, total inertial weight 
is still further increased. The question is, how 
much strength is necessary ? 

AMF Atomics believes that aluminum, because 
of its low weight (and high strength), is far pref- 
erable. It does the job (see chart) without need- 








— > | 








lessly burdening the operator. There’s less 
weight to start moving, less to stop. Result: ease 
of operation without penalty! 


5. What is the best rate of closure for the tongs? 


Let’s say first that the faster the rate of closure 
the less “feel” the operator has. This results from 
the force disadvantage in movement ratios 
higher than 1:1—say 1:2, 1:3 or 1:4. For light 
work the extra operator pressures are extremely 
tiring. 


This is why AMF Atomics uses a 1:1 ratio for 
initial movements combined with a “double 
squeeze”’ system for increasing leverage. Again 
a 1:1 ratio is true, “normal,” master-slave rela- 
tionship. 


6. What sort of service should | expect from my 
supplier-manufacturer? 

Oper ations in nuclear science and industry can 

be “critical,” not only in the special nuclear sense 

but also in the universal meaning of the term 

Breakdowns can be doubly critical. That is why 

AMF Atomics takes these special steps and offers 

the following services: 

AMF Atomics, by design and skilled manufac- 
ture, assures that the very minimum of serv- 
ice will be needed. 

b. It provides a complete operation, maintenance 
and spare parts manual. The implications for 
minimum down-time are obvious. 

c. AMF provides technical field service that is 
constantly on call. 

7. What about special requirements? 

The wide range of AMF standard stock acces- 

sories eliminates most special requirements. 

However, if your problem is special, our engi- 

neers work with you to find the best solution at 

the lowest price. 


AMF Atomics activities reach into all areas of nuclear 
science and technology, including: Research and 
Test Reactors; Reactor Refueling Equipment; 
Power Reactor Design; Nuclear Fuel; Remote 
Handling Equipment; Manipulators; Fuel 
Processing Equipment; Isotope Applications; 
Shielding and Radiation Studies; Reactor Con- 
trol Systems; Training Reactors. 

Please write for detailed information about any 
of these AMF Atomics products or services. 


AMF ATOMICS 


A Division of American Machine & Foundry Company 
140 Greenwich Avenue, Greenwich, Connecticut 


EXPERIENCE, PERFORMANCE ACROSS THE BOARD...ACROSS THE WORLD 
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TYPICAL STOCK ACCESSORIES 


























MANIPULATOR MANUAL 
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Life begins at 





for |[RaJATIONAL Nuclear Graphite 


Born IN HIGH TEMPERATURE . . . brought into 
being when amorphous carbon is “cooked” to more 
than 5000° F. This is why “National” graphite is the 
best material for harnessing the tremendous heat of 
fission for peaceful purposes. 

Graphite is the key to the higher-temperature re- 
actors of the future. . . the key to the most power from 


acore ... for the longest time . . . at the lowest cost. 
Extremely resistant to thermal shock . . . and with 
no danger of melt-down . . .“National” graphite 


almost doubles in strength with temperatures up to 
4400° F. It machines to precise tolerances, and is 
dimensionally stable under severe thermal conditions. 

Graphite, with its high purity and unique combi- 
nation of properties, has more to offer nuclear reactor 
technology than any other material. It effectively 
moderates and reflects neutrons . . . serves as a matrix 
for dispersion type fuel elements . . . successfully 
meets high-temperature structural requirements. 

Whatever the temperature needs of the nation’s 
growing reactor-development program—or those of 
missile, rocket, and spacecraft propulsion— National 
Carbon Company’s unsurpassed research, engineer- 
ing, and production facilities are assurance that 
“National” graphite will be ready for any task. 

If you have a problem in nuclear construction . . . 
get the full story of “National” graphite . . . the 
material that’s created by heat! 


“National” and ‘‘Union Carbide"’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


Division of Union Carbide Corporation, 270 Park Ave., New York 17, N.Y. 


In Canada: Union Carbide Canada Limited, Toronto. 


UNION 


CARBIDE 
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AMAZING! 

... the conservative word for 

Central Research Laboratories 
Model D rugged-duty 
Master-sliave Manipulator 


Model 7 
Restricted Space 
Installations 


ah 














Model 8 


Standard For Thru-Wall 
Installations 


| Model B 
Model A—Sealed Canal Manipulator 


For further information write: 


CAPABILITIES 
Load capacities at tong tips with fully extended 
boom tube: 
X motion—100 pounds 
Y motion—100 pounds 
Z motion—100 pounds 
elevation rotation—50 pound feet 
azimuth rotation—50 pound feet 
twist-rotation—40 pound feet 
gripping force and handling capacity—100 pounds 


FEATURES— 


The Model D manipulator is a very rugged 
modification of the Model 8—a well-known 
and widely-used manipulator designed and 
first manufactured by Central Research. 
Unique new features of the Model D in- 
clude: a new wrist joint with sturdy stainless 
steel gears and a twofold increase in gear 
ratio; stainless steel boom and counterweight 
tubes; high-capacity boom-tube rollers; 
geared-up tape coupled azimuth rotation 
drive; center-supported pulley shafts; a mech- 
anical, automatically shifting dual-ratio tong- 
squeeze drive; protected slave-end tapes. 


INTERCHANGEABILITY 


In general, the Model D is dimensionally 
interchangeable with a standard Model 8 
manipulator with no alteration in mounting 
arrangement of existing or planned installa- 
tions. The Model D offers greatly increased 
reliability and scope in rough-service hot- 
cell operations with no significant loss of 
dexterity for performing delicate operations. 


COMPARE—THEN SPECIFY 
CENTRAL RESEARCH MANIPULATORS 
FOR EVERY NEED 


Cina Reseach, 


laboratories, inc. 
Red Wing, Minnesota, Dept. 116 
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EX-CELL-ABILITY... 


...is precision. |t is meeting minute tolerances on compo 
nents for the heart of a reactor. It is alignment of a production 
machine tool slide controllable to 25 millionths of an inch. 

Ex-Cell-Ability is the precision which qualifies Ex-Cell-O 
Atomics as an outstanding source for control rod drives, remote 
handling equipment and other precise hardware. For informa- 
tion write direct, or phone TOwnsend 8-3900; TWX DE-175: 


(ors] 0) (-4 Oe 
XC O Atomics IPQH ING | 


CORPORATION 
(KL) £x-CELL-O FOR PRECISION OETROIT 32, MICHIGAN 








ON THE LINE 


Yankee—a Westinghouse achievement of the first order in its 
continuing effort to bring atomic power to its full commercial 
capabilities. 





ON THE BOARDS 


the new 375-Mwe atomic power plant is a giant step forward in 
the realm of controlled commercial! nuclear power. Projects like 
this offer to professional personnel the opportunity to take part in 
the design and development of economic nuclear power plants. 
Career openings for qualified scientists exist in many areas. 
Some of these areas are listed in the next column 


ES 





wgLoseD CYCLE 


WATER NUCLEAR 


POWER PLANT” 





Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 





PHYSICIST: 


Capable of independent work in reactor 
physics, to direct research and develop- 
ment on advanced reactor concepts, or to 
perform and direct reactor physics and 
nuclear design work on cores nearer com- 
pletion. 


SENIOR ENGINEER: 


Alloy development on reactor materials 
and fuels with particular emphasis on 
control rod and cladding materials. M.S. 
degree in metallurgy with three years 
experience in reactor materials. 


ENGINEER OR SCIENTIST: 


To perform reactor physics calculations 
on reactor cores which involve problems 
of the development and application of 
theoretical methods, founded on basic 
theory, to technical programs concerned 
with the design and construction of large 
power reactors. M.S. degree in physics or 
nuclear engineering. 


SCIENTIST: 


Involves the mathematical analysis of 
problems in reactor physics and engineer- 
ing with emphasis on the development of 
digital computer programs or adaptation 
of existing programs to meet special re- 
quirements. B.S. degree in mathematics, 
physics or engineering with emphasis on 
applied mathematics and experience in 
digital computer applications. 


MANAGER 
PHYSICAL METALLURGY SECTION: 


The position requires a man well rounded 
in the fundamentals of physical metallurgy 
and with 5 to 10 years experience. Must 
be experienced with the effects of radia- 
tion on metals both fuel bearing and non- 
fuel bearing. The position will also involve 
Stainless steel and carbon steel alloy de- 
velopment and development in the field of 
other high temperature metals and cera- 
mics such as graphite, beryilia or other 
ceramics used in the nuclear industries. A 
strong foundation of physical chemistry is 
desirable since there will be problems con- 
cerning corrosion. Must be able to assist 
project design engineers in problems re- 
garding the fatigue, creep and brittle 
fracture of metals and alloys. 





If you qualify for any one of the above 
positions, write immediately to: Mr. C. S. 
Southard, Westinghouse Atomic Power 
Division, RO. Box 355, Dept. X-84, Pitts- 
burgh 30, Pennsylvania. 
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ALL-NEW S/ectnonik /7 POTENTIOMETERS 


HAVE NO SLIDEWIRE, NO SLIDEWIRE PROBLEMS 


Here is a totally new kind of potentiometer with a totally 
new kind of measuring system. The STRANDUCER 
replaces the slidewire, and sets a new high standard 
for potentiometer performance. The new ElectroniK 17 
potentiometers have calibrated accuracy of +0.25%. 
In addition, modular construction makes ElectroniK 17 
instruments easiest of all potentiometers to operate, 
convert and maintain. Full interchangeability of com- 
ponents cuts service time and spare parts requirements. 








You can get ElectroniK 17 instruments as strip or circular 
chart recorders or circular scale indicators. You can get 
electric contact control with up to 8 contacts. All control 
units are of convenient plug-in type. For all the eye- 
opening facts about this new class of instruments, call 
your nearby Honeywell field engineer, or write 
MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Phila. 44, Pa.—In Canada, Honeywell Controls, 
Ltd., Toronto 17, Ont. 


; The unique STRANDUCER rebalancing element works on the proven strain gage principle. Both STRANDUCER and 
pen carriage are linked to the potentiometer balancing motor. A change in electrical input causes the balancing motor 
to change the tension—and electrical resistance—of the STRANDUCER, to reposition the instrument pen or pointer. 
The STRANDUCER is unaffected by corrosive atmospheres and has no contactors. It has unusually long life and infinite 
resolution and is unaffected when the instrument operates in ambient temperatures up to 130° F. 



















True modular construction saves you time, trouble, money. Three basic modules— 
case, display and drive—make up the ElectroniK 17. The case fits standard 19-inch 
relay racks. You can remove the door easily and without tools when converting from 
strip chart to circular chart or circular scale operation. You can pull out the chassis to the 
service position without tools, and without interrupting operation, or remove it completely. 
Up to 8 contact control modules can be plugged in for a variety of control possibilities. 


Honeywell 
Frat in Couttol 


since 1006 
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HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. 
Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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FOXBORO Electronic Consotrol Control Panel for portable nuclear power plant is 


Re 
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designed for one-man operation. 


reactor control — plant control — 
radiation monitoring ...they’re all on this 
compact Foxboro Electronic Control Panel 


SKID-MOUNTED Foxboro Consotrol 
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panel, 
enclosed in a protective housing, will be “‘air- 
lifted” to its Air Force site, 6500 ft. up in the 
Wyoming mountains. 


One skid 
allowe d for 


tion on The 


that’s all the room 
control instrumenta- 
Martin Company’s 


PM-1 portable nuclear power 
plant. 

The plant being built for 
the Air Force under contract to 
the AEC will produce both 
1000 kilowatts of electrical power 
and 7 million btu per hour heat 
for a remote Air Force station high 


in the Wyoming mountains. 


For the PM-1 Reactor, depend- 


able Foxboro Electronic Conso- 
trol* instruments were specified. 
100% solid state no vacuum 


tubes to replacc instantaneous 
response And they’re so compact 
that both nuclear and process con- 
trol, as well as radiation monitor- 


ing, are included on the same 
operating console. 

Con pactness reliability 
proven performance Foxboro 
Electronic Consotrols are ideal for 
both 
powe! plant control systems. Ask 


your Foxboro Field Engineer to 


nuclear and conventional 


show you the reasons why. Or 
Bulletin 1-17. The 
Foxboro Company, 626 Neponset 
Ave., Foxboro, Massachusetts. 


write for 


*Reg. U.S. Pat. Off, 





OX BORO 


#56. UB. PAT. OFF 
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7 Metallurgical Memo from General Electric 


Gilg ZIRCAL 


“Pressed-to-shape” metallurgy process 
slashes machining cost 





*An example of shape of 
Zircaloy 2 made by powder 
metallurgy 







Here’s a processing “breakthrough” that simplifies 
problems in the production of unusual shapes. This 
close-tolerance shape produced by General Electric is a good 
example of a part made by this new powdered-metal process. “‘Pressed 
to shape” means machining costs are reduced appreciably and expen- 
sive metal waste is saved. Low gas content and high density are as- 
sured by the process. The corrosion resistance and low-neutron cross- 
section properties of the metal are highly desirable for nuclear and 
chemical applications. Zircaloy 2 is now available from General 
Electric in shapes and billets. Write for full particulars. 


METALLURGICAL PRODUCTS DEPARTMENT 


GENERAL @@ ELECTRIC 


11135 E. 8 Mile Ave., Detroit 32, Michigan 





; 


Carboloyy Cemented Carbides e Man-Made Diamond e Magnetic Materials ¢ Thermistors e Thyrites « Vacuum-Melted Alloys 
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Internal data reduction 
is another new step 


by Nuclear Data 


Less obvious at a glance, but even more 
significant, are the steps taken before auto- 
matic digital data reduction could even be 
applied. 


The linearity, stability, measurement resolu- 
tion, and experiment timing accuracy are 
better than anything we've seen yet. These 
are big steps for gamma applications, and 
vital for high resolution particle analysis. 


Simple, dependable punched tape controls 
for both read-in and read-out, precise loga- 
rithmic CRT display and pen recording, 
and typewritten digital read-out are stand- 
ard features of the model ND 130T Ana- 
lyzer, and these are all provided by internal 
analyzer circuits. 


Here is the finest analyzer in the field. 


Write Department 512 for our new 24 
page general catalog. 


ANOTHER STEP......++0 
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FIG. 1. BURNUP PERFORMANCE of stainless-steel-UO,. cermet shaded area, a “typical” fuel element will not crack or blister 


fuel specimens having 18-30 w/o UO, (numbers next to data 
points are specimen numbers shown in Table 1). 
cate that when a specimen temperature and burnup are below 


These data indi- 


Predicting Burnup of 
Stainless-UO: Cermet Fuels 


Although it requires enriched uranium, ss-UOs fuel serves well 


and is predictable in compact power reactors. 


(as seen visually or microscopically) or release radioactive products. 
Fuels exposed above shaded zone would fail; performance of fuels 
irradiated within shaded area is difficult to predict 


Fabricators can im- 


prove the burnup performance by controlling UO: particle “stringer- 


ing'’ and other structural defects that cause cracks and blisters 


By DONALD L. KELLER, Battelle Memorial Institute, Columbus, Ohio 


stainless-steel-UO, 
uel elements (consisting of 
les embedded in a 
| matrix that is clad 
ed layer of stainless 
eel) has progressed steadily during 
the past seven years. This material 

the most predictable and 
versatile tue lor compact power reac- 


tors It has served in 
500 


a variety of 
1,700° F. 


| to nearly any shape 


and 
fabricate 
to which 


in be fabricated 


pure stainless steel 
The se 


consideration of ss-UQ, 


facts war- 


rious 


rant s¢ 
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fuel cermets for use in reactor 


and at 


any 
environment any tempera- 
ture in which stainless steel itself is 
serviceable. 

After examining its predictable 
burnup performance, uncertainties and 
limitations, we can consider ways to 
further improve the performance of 
cermet fuels. 

Irradiation Data 

Figure 1 and Table 1 summarize the 
results of many capsule irradiations of 
stainless-steel-UO, fuel-element speci- 
mens. In Fig. 1 total burnup is ex- 


pressed as the ratio of U*** atoms fis- 
sioned to the total number of atoms 
initially present in the core. Thus data 
for fuel loadings of 18-30 w/o UO: can 
be presented on a single graph. This 
simplification has a drawback because 
a fuel with a small UO, loading actu- 
ally would withstand a higher burnup 
when burnup is plotted this way (or as 
the number of fissions per unit volume 
of core material) than would a fuel 
with more UO: A matrix heavily 
loaded with UO; is not as strong as one 
with more stainless steel; it also is less 
able to retain an undamaged metallic 
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matrix during irradiation. Fortu- 
TABLE 1—Irradiation Data on Stainless Steel-UO.-Dispersion Fuel Specimens* nately, all data points within the 
’ aiaiewieaiibiin a ea —— shaded area in Fig. 1 are from fuel 
we = - ——— specimens of similar UQO:. loadings . ‘ 
U0r age 
UO2 particle Cladding Surface I rradiatior (25-30 w/o So the boundaries of 
loading size thickness temperature time Burnup 7 Identification this critical region are realistic for ele- 
(w/o) (micron) (mil) (°F) h l alt Resulis in Fig. 1 Ref ; 
2 HS ae ee ments of this particular loading range 
PLATES and are conservative for elements of 
Type-304ss matrix; Type-304Lss cladding ' 
17.92 — FA 190 52.5 1.93 No failures 6-20 lower UO: loadings 
17.92 = 5 190 10.0 1.48 6-20 Since it is common practice to ex- 
17.92 - 5 190 45.4 1.68 6-20 . 
17 92 5 190 105 039 6-20 press burnup in dispersion fuels as a 
a7 .93 6 rp ae fe 6-20 percentage of the U*** atoms that are 
17.92 — 5 190 53.5 1.98 6-20 - 
17.92 -- 5 190 51.2 1.89 6-20 destroyed, this is done in Fig. l for a 
92 — 5 oT 13 9 : . om : P 
As oa we . on ~ : 7 - } 4 fuel loading of 25 w/o. Figure 2 > 
17.92 — 5 190 53.1 1. 96 6-20 shows a conversion from w/o UO, to 
17.92 — 5 190 181 1.78 »-20 T9 ‘ 
17.92 a 4 190 a 2 108 ; - a/o U** in ss-UQO, bodies. Consider } 
18.75 — 212 100 16.0 0.7 6-20 an example of how this can be used 
22.18 - 10 212 400 18.0 0.9 6-20 : 
26.89 cs 12 212 400 120 O8 6-20 with Fig. 1. Ata surface temperature 
' of 1,000° F, Fig. 1 indicates the fuel 
Fe, 18Cr, 14Ni, 2.5Molelemental) matrix; Type-318ss claddin . , 
"95 75-150 a 795 saa 7 a aie - will fail at a total burnup of about 1.4 
25 75-150 6 1,430 17.5 12.7 0.67 19 a/o. From Fig. 2 we learn that a 
25 75-150 6 1,550 ‘7.5 16 .¢ 0.88 40 2 r oO 
25 75-150 6 1,400 85.2 20.4 1.08 Large blister 32 material with 30 w/o UOs. contains 6.6 
25 75-150 6 1,417 85.2 20.7 1.10 Small blister 30 a/o U?* atoms; thus 1.4 a/o burnup 
25 75-150 6 1,650 52.7 2.2 0.12 Nofailures 61 we 
25 75-150 6 1,650 52.7 26 0.14 62 can be expressed as 1.4/6.6 or 21.2% of 
30 75-150 6 1,655 32.7 $.9 0.32 Small blister 57 a. are REIN SI 
30 75-150 6 11533 17 5 17 5 er + the [ atom At th ame urlace 
30 75-150 6 1,395 17.5 15.6 1.04 Ruptured 35 temperature a material with only 15 
30 75-150 6 1,475 5.2 25.1 6 24 T ! 
30 75 150 6 1'300 85 ) 2.2 1.47 >6 w/o UO: could sustain a burnup of 
; 12.2% of the U ; this burnup estimate 
Fe, 18Cr, 9Nilelemental) matrix; Type-347ss claddin 
‘30° «44 6 : 7350 610 , 53 0.35 S8pcs:Ofailed 52 , is probably conservative because of the 
30 >44 4 650 425 14 0.29 58 lower UO, loading of the fuel. . . 
30 >44 4 650 412 5.4 0.36 = 3 
30 >44 4 700 1,038 12.1 0.79 42 H 
30 S44 ‘ 650 2550 97 26 Damage Mechanisms 
30 >44 4 800 23.5 1.54 25 
30 >44 rl 766 4.015 333 «(2.17 5 If we are to operate a stainless-steel- 
30 >44 4 1,080 2.415 28.6 1.86 22 fa anearatcmn { my we ; 
30 S44 { 1.400 1.889 12 9 0.88 Spon; 3 cracked 39, [ 2 di persion fuel in or above the 
30 >44 1 1,765 880 17.4 1.14 8 pes; all failed 29 ‘ shaded area in Fig. 1, we must consider 
Type-310es motvix end dedding carefully how burnup performance is 
30 >105 5 1,260 :70 4.6 0.30 2pes:Ofailed 55 affected by (a) UO, particle size and 
30 >105 5 1,420 420) i 8 0 ! at 
30 >105 5 1,560 370 18 012 63 loading, (b) burnup rate and (c) struc- 
30 >44 i 550 288 1.1 0.09 64 tural imperfections. We also need to 


Fe, 23Cr, 17Nilelemental) matrix; Type-318ss cladding learn ways to prevent causing imper- 
30 >44 4 1,290 815 17 12 No failures 28 fections in the fabrication process 


Many theories to describe the per- 


Fe, 18Cr, 14Ni, 2.5Molelemental) matrix; Type-318ss cladding 

30 75-150 6 1,240 2,250 15.1 00 No failures 34 14 formance of dispersion fuels have been 
30 75-150 6 1,190 2,250 15.4 1.02 33 3 , F 
30 75-150 6 1.130 2 250 14.2 0 94 7 considered i It will he he Ipful 
30 75-150 6 970 2,250 12.0 0.79 14 to review the ideas particularly re- 
30 75-150 6 1,360 1,474 11.8 0.78 if , 
30 75-150 6 1,400 1474 11.8 0 78 47 lated to ss-UQOzs fuel elements and to 
30 75-150 6 1,270 1,474 11.5 0.7¢ 45 | “eC 

? consider recent con ts sons 
30 75-150 6 1,140 1,474 10.4 0.69 18 Dears am li und personal 


observati ns. 
PINS Growth of UO.. The stainless-steel] 


Type-347ss matrix and claddin 
“— " matmix and cladding will resist any 


10 860 790 6.7 0.33 Nofailures 54 1 
24 10 930 lf 0.82 38 tendency of the UQOz, fuel particles to 
24 10 842 ; 0.1 60 ; 
24 10 842 8.2 0.43 51 increase in size during irradiation. 
30 10 930 1,000 8.9 0.58 50 Such increases could develop stresses 
Fe, 18Cr, 12Ni(elemental) matrix; Type-304ss cladding within an element sufficient to cause 
24.5 10 1,060 2,790 18 0.94 No failures 36 / Failure Ther A ] 
98 5 10 1'060 2790 “4 hg 7 failure. There are two possible modes 
28.5 10 900 12 0.7 43 1) of UOs growth: (a) normal growth 
30 14~74 10t 800 1,662 ss 1.8 2pes;l failed 21, 23 . 
30 14-74 10 800 2.520 34 2.24 , 4 caused by accumulation of fission prod- 
30 44-74 10 800 3,310 Ruptured 2 ucts in the lattice (with the normal 
growth rate Ry being the rate of volume 
* This table includes data only froém experiments in which temperatures were carefully increase per unit burnup and (b) ab , 
monitored and burnup was measured either radiochemical ytopicall norma! growt! used by the ther 
1iormal groy ! AUSeC ) ie lerma 


ft The conversion to a/o burnup is based on a U enrichr t of 93% in all cases 


t Type-347ss cladding. diffusion and agglomeration of the fis- 


sion gases that produce internal pores 
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under high pressure 
R,). It fol- 
lows that the rate of growth of the dis- 


containing gas 
(abnormal-growth rate = 


version core Ry 1S 


Ry V (Rn + Ra) (1) 


V,is the volume fraction of UOz in the 
ore This relationship can be devel- 


oped further to show the total growth 


of a clad element as 
17 BVeV;(Rw + Ra) (2) 
vhere Ve is the volume fraction of the 
ore to the total element, and B is 
burnup. In typical irradiation sam- 
0.15-0.25 and Ve = 0.4-0:8. 


ples J 
Thus it is apparent from Eq. 2 that the 
total growth of the UOs particles should 


d the total specimen growth by a 


factor of 5 to 15, assuming no abnormal 


failures or blistering within the matrix. 
Thus, because of the increased sensi- 
tivit of measurements, we should 
measure the growth of the fuel particles 
themselves as well as the growth of 
the over-all fuel-element when we are 
trying to evaluate various types of 
UO rticles or dispersants. 

By estimating the distribution of all 
possible oxides formed from fission 
roducts and residual oxygen and then 


ilating their molecular volume, one 


in predict a normal growth rate for 
UO, at high burnups of Ry = 1.2 (2). 
Abnormal growth of UO: particles 
s by the formation of large inter- 
il pores: it occurs most often in speci- 
rradiated to high burnup. The 
ict that the eflect is more pronounced 
high t ratures supports the con- 
t of gas agglomeration and plastic 
deformation of the UO.» However, 
the pores have appeared in UOsz irradi- 
ted at temperatures no higher than 
100° C but to very high burnups. 
Since UQOsis not likely to deform plasti- 
lly at these temperatures, this phe- 
nomenon might be related more to the 
p of larger amounts of fission- 
ict impurities than we had thought 

pre LOUSLY 


Fission-fragment escape. The 


erage recoil range of fission tragments 

UO, is 9.4 microns (3). The frac- 
tion F that e from a spherical UO, 
part is 


vher s the particle radius and X is 
the fission-fragment range in the UO, 
particle }): Fig. 3 shows this relation- 
ship. Thus the disadvantage of fine 
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UO: particles is that the fission gas that 
escapes the UOs: will collect in the 
stainless-steel matrix, readily agglom- 
erate in the badly damaged region ad- 
jacent to the UO; particles, and in time 
build up sufficient pressure to rupture 
the core. This type of failure is re- 
sisted primarily by the stainless-steel 
matrix, whose integrity and strength 
are determined largely by the fabrica- 
tion process. 

Damage of matrix. 
effectively the internal gas pressure 
created during irradiation, a continuous 
skeleton of stainless-steel matrix must 
be free of the fission fragments escaping 
the UO». 
distance d between UOz: particles, the 
UO-particle diameter D and the vol- 
ume fraction V; of UO, for a cubic 
array of spherical particles is 


To resist most 


The relationship among the 


This relation is plotted in Fig. 4, with 
twice the 
stainless steel indicated by a horizontal 
line. All this 
give a continuously damaged stainless- 
UO, 


fission-fragment range in 


conditions below line 


steel matrix connecting the 
particles. 
Burnup rate. 


been developed to relate the effects of 


A creep theory has 


and 
burnup on fuel-element life (4). The 
creep theory relative 
effect of varying temperature and time 


temperature, irradiation time 


considers the 


rather than being a complete failure 
theory based on a detailed mathemati- 
cal model of the fuel structure. Thus 
criteria have been defined to estimate 
relative severity of irradiation results 
under different test conditions but on 
identical specimens. 

From tests that yielded both failed 
and unfailed specimens, this theory was 
used to estimate various combinations 
of the test parameters that would pro- 
duce a failed specimen. For example, 
in the range 1,200—1,400° F, 
the burnup rate ten times (as in acceler- 


increasing 


ated irradiation tests) should nearly 
double the burnup allowable before the 
first failure 
appear, 

Differences in UO, 
burnup rates or temperature variations 


signs of fuel-element 


particle sizes, 


could explain the contradictory nature 
of some of the data points in the shaded 
region of Fig. 1. Other variations in 
burnup performance could be caused 
by the fuel-element configuration (4) 


(for example, pins vs plates) and the 
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FIG. 2. Relationship between U?*® content 
and UO, loading in a 93% enriched ss- 
UO, dispersion-type fuel material 
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FIG. 3. Fission fragments escape from 


small UO» particles more easily than from 
large particles—and thus damage the 
stainless-steel matrix more 
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FIG. 4. Matrix of stainless steel between 
UO, particles is damaged more by fission 
fragments if UO. particles and distance 
between them are small 


wide differences in the mechanical 
properties of what might appear to be 
identical specimens (same cladding and 
core thickness, same UO, loading, etc.) 
as a result of variations in the fabrica- 
tion procedures. 
Stringering 

As Tables 1 and 2 show, flat-plate 
fuel elements (made by the hot reduc- 
tion of a stainless-steel-UO. core com- 
pact enclosed in a cladding jacket of 


stainless steel) have been used and 
tested most extensively. From the 
47 








standpoint of irradiation resistance of 
plates, a key factor that arises during 
fabrication is the extent of fracturing 
of the UO: fuel particles and the align- 
ment of these particles in the direction 
of rolling. This stringering involves 
the fragmentation and segregation of 
the UO: particles into regions of high 
and low fuel concentration (6, 7). 
This results in heavily damaged zones 
during irradiation. The detrimental 
effects of stringering can be described 
by the results of transverse tensile tests 
in which the core strength is measured 
normal to the stringers and the major 
cladding surfaces. Such data taken at 
room temperature show that the trans- 
verse tensile strength of fuel elements 
containing 30 w/o UO: can vary by a 
factor of 25 (~1,000 to 25,000 psi), 
depending on the fabrication method 
(8). In view of this the discrepancies 
shown in Fig. 1 are not surprising. 
Thus we believe that elimination of 
UO: stringering is an important way 
to lengthen the irradiation life of cermet 
fuel elements. 

Spherical particles. One technique 
being used to reduce stringering in- 
volves only the substitution of a nearly 
spherical, dense, strong UO: particle 
for the more conventional high-fired or 
hydrothermal UO, particle. The 
spherical particles are less likely to 


align themselves during fabrication and 


also show less tendency to fracture, 
thus transverse tensile strength is 


Irradiation tests are in 


progress to demonstrate the real worth 


higher (8). 


of these improvements in terms of the 
ability to achieve higher burnups. 
Other variables. 
effects of several variables involved in 
the fabrication of flat plates are fairly 
High rolling tem- 


The stringering 


well known (6, 7). 
reductions per 


peratures, large pass, 
fine stainless-steel powder, and dense 
core compacts all favor less stringering 
of the oxide. 
Less rolling. 
duced in thickness during rolling the 


] The problem 


The less a plate is re- 


less stringering results. 


is to determine how much rolling is 


needed to bond the fuel-plate com po- 


nents (core, cladding, frame) metal- 
lurgically. Specifications often require 
large (~10 to 1 reductions in thick- 
ness). But our data indicate that 
Total reduction 7 ransverse iltimate 


ratio tensile strength (psi 
1.1 tol 22,800 
1.2 to 1 23,700 
1.6 to I 29,500 
1.8 to 1 29,700 


only slight reductions are needed 


to bond core and cladding if the mating 


surfaces are kept very clean during 





TABLE 2—Reactors Using Stainless-Steel-UO, Dispersion Fuel Elements (/5) * 


Date 
Reactor critical 
Spert-1 7/11/55 
SM-1 (APPR-1) 4/57 
VBWR, Core 1 8/57-10/59 
OMRE 9/57 
Spert-3 12/58 


GCRE-1, Core 1 2/60-9/60 


PM-2A 10/2/60 
SM-1A(APPR-1A) (61) 
PM-1 (61) 
EOR (1/62) 
PM-3A (2/62) 
Sioux Falls Superheater (62) 
HTRE-1f 1/56-12/56 
HTRE-2 2/57 

10/58 


HTRE-3f 


UOs fue 


loading 


w/o Fuel shape Coolant 
19 Plates Water 
24 Plates Water 
23-29, Plates Water 
25 Plates Terphenyl 
19 Plates Water 
30 Plates formed N; 4 
into tubes 0.5% Oz 
24 Plates Water 
24 Plates Water 
29 Tubes Water 
17 Plates Santowax-R 
29 Tubes Water 
20.4 Tubes Steam 
10,42 Cylinders Air 
10,42 Cylinders Air 
410,42 Cylinders Air 


* In addition to the broad development studies supporting reactor systems listed here, 
extensive development work was done on ss-UO: as an alternate fuel material for the SIG 
reactor (1) and as a reference fuel element for the Supercritical Water Reactor (16). 

+ Metal matrix was a nickel-chromium alloy similar enough to stainless steel to warrant 


inclusion in this list. 
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fabrication al 


specimens fractured 
across the core rather than at the core- 


clad 


good bonding , 


interface—thus demonstrating 
Although the core and 
cladding bond during reductions as low 


as 1.1 to l, 
able bonding of the core and frame and 


to insure consistently reli- 


complete densification of the core, re- 


ductions of at least 3.5 or 4 to 1 are 
needed. At these small reductions the 
extent of stringering during rolling is 
significantly less than after reductions 
of 10 to 1, 


from the shorter heating times needed 


An added dividend results 


for smaller reductions during hot roll- 
ing: less boron burnable poison is lost 
by diffusion from boron-stainless-steel 

Other fabrication techniques. 


Pressure bonding (9), slip casting (10), 


cold extrusion (1/7), and powder rolling 
(2), or combinations of these cause 
ess UQOs stringering than does rolling 
because they involve less metal flow 
during fabrication. These processes 


Will assume more Important roles in 


future fabrication of ss-l Os» dispe rsion 








fuel elements if they do indeed 
improve irradiation life. 
BIBLIOGRAPHY 
( I We nd ‘ 
ts I I n Nu ar «Er 
8 leta r and | 
Pergar I s York, 1959 
Ww. KB. B Ww s KAI 1688 
= ! t uv ; 
C. E. W i ) " 
iel elemet t Ir 
national ( I Uses 
Ator Ex , p. 196 (I 1 
Natior N i } 
i. D. L. Kelle BMI-1408 (Ja ) 
1960 
C. E. W J 8,5 (Ma 19 
. ( R. J. Beaver, | ( 
Waug I 1s in sta 6s ateel 
cou react paper pre 
ser at the ¢ on Fuel Elemer 
rechnology (Paris, | 1957 
8S. J. Paprocki, D. L. Keller, G. W. Cunning 
ham, BMI-1322 (February, 1959 
S. J. Paprocki, D. L. K J. M. Fackel 
mann, BMI »(A 
9. S. J. Paprock E. 8 re, C. B. Boyer 
Preparation « r ponents by a gas 
pressure bonding t nique in Proceedings 
of the Second I nal Conference on the 
Peaceful Uses of A Energy,” vol. 7, 
I 67 (Unit N Geneva, 1958) 
G. J. Cor AECU-4255 
YoY 
H. G. Sow: G. I Ploetz, KAPL-1345 
June, 19 
S. Shapiro, M. Galvez A new fabrication 
technique for the j luction of stainless-steel 
»xide-dispersion fuel elements in Proceed 
ings of the S« nd International Conference 
on the Peaceful Uses f Atomi Energy," 
1. 6, p. 516 (United Nations, Geneva, 1958 
V. O. Haynes, F. H. Neill, L. D. Schaffer 
Summar f UO>sta ess steel dispersion 
irradi: ation expe ent ORNL-CF-58-2-71 
March 18, 1958 
J. H. Saling, ; ation (Battelle 


Memorial Instit 
Power 1 experiments the world 
uround, NUCLEONICS 18, N 11, 148 (1960 

J. R. Keeler, D. L. Keller, L. 8. Cuddy, BMI 
904 (March 2, 1954 


June, 1961 - NUCLEONICS 


eactors 


Seperate phases 
in centrifuge counter 
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Four Steps in Automatic Analysis 


FIG. 1. AUTOMATIC BOILER WATER ANALYSIS uses four auto- 
matically programmed steps to measure PO, concentration. 


Total cycle requires only 10 min. 
requires third valve pipette and 10-ppm solution of PO, 


Twice-a-day standardization 


Radiometric Chemistry for 
Automatic Process Control 


Radiometric techniques, properly developed, are capable of greater 


accuracy than most users realize. 


Since they recognize most 


elements, they are appropriate for many automatic analyses 


By BENJAMIN F. SCOTT and WILLIAM J. DRISCOLL, \uclear-Chicago Corp., Des Plaines, Illinois 


{EMISTRY is only be- 
ynized for the poten- 

that it has in rapid analysis, 
ina 318 and 


ontrol Phe 


automatic 
slowness of this 
robably caused mainly 
of understanding of how 

metri methods can 
plied But there are many ways 
i chemical process parameter 
urately measured 
makes 
property suc h as the 
t ol a constituent to 


n be rapidly and ac 
ing nh gene ral one 
combine 
reagent or reduce 
the specific activity of a part of a mix- 
is are referred to as 
al analysis.”’ 
radiometric methods 
their 


dilution, extent- 


cording to 


u group i 
ictior inalysis, end-of-reaction 
ysis and anal evaluation. 


When properly cd 


intage 


ysis 
eloped they have 


Perhaps the most 
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conspicuous one is that a radiometric 


measurement produces an electrical 
signal that is readily used as an input 
Other ad- 


vantages are that these methods are 


for automatic equipment. 


simple, cheap, widely applicable, free 
of interference, linear in response and 
accurate. In one recent application 


we have used an _ extent-of-reaction 


technique to develop a completely 
automatic boiler-water analyzer (Fig. 
| In connection with our develop- 
we have made some interesting 


that are 


ment 
counters particularly ap- 


propriate for automatic analysis 


Accuracy 


Because of the way in which radio- 
tracing is usually applied, it is grossly 
unprecise compared to the usual 
measurement in an analysis. It has 
been pointed out that this is largely 
due to measuring the wrong fraction 
1). For example, two variations of a 


good precipitation procedure can seem 


to be identical when the precipitate 
is counted but differ by a factor of ten 
or more if filtrate. 
Counting precision is the same in 
both ~1%, but the per- 
centage variation in the filtrate would 
be so large that this relatively large 
lack of precision would not matter. 
Suppose that we precipitate 99% 
of a radiotracer by adding a meas- 
ured amount slight 
If we count the precipitate 
with 1% precision, we will have 1% 


one assays the 


methods, 


of reagent in 


excess. 


precision in the experiment. If on 
the other hand we count the filtrate 
with 1° precision, our over-all ac- 
curacy will be 1% of 1%, which is 
0.01%. 

The point is, of course, that radiom- 
etry, because it has great sensitivity, 
can be used to measure residual 
material that 
Thus it becomes practical 


to use the inherently greater accuracy 


amounts of one could 


not weigh. 


values to 


ag 


of determining residual 








compensate for the lack of precision 
of the radiometric step. 


Isotope Dilution 


For every element in the periodic 
table and every chemical entity that 
can be synthesized there is an isotope- 
dilution method. In 
method consists of four 
determining the ratio of a 
nuclide to the other 
measured amount of a 
(2) mixing with an unknown amount 
of the same compound deficient in 
the nuclide, (3) withdrawing a sample 
of the mixture and determining the 
concentration of the tracer nuclide 
and (4) computing the amount of un- 
known from the dilution factor (2). 

The method is particularly appre- 
ciated by biochemists and medical 
specialists. They like the simplicity 
of isotope dilution than the 
analytical chemist, who works with 
more easily controlled systems. 

The power of the method is demon- 
strated best when the chemical frac- 
tion of interest is dispersed in low 
concentration. In situations 
quantitative separation is a formidable 
task, but frequently isolation of som¢ 
pure product is rather simple. Even 
when quantitative recovery is eas} 
the may effect a 
saving in time. In electrogravimetri 


essence the 
steps: (1 

given 
nuclides in a 
compound, 


more 


such 


however, method 
methods, in particular, one may save 
time by electrolyzing only long enough 
The same 
is true for slow-forming precipitates 


to get a weighable sample. 


The use of isotope dilution in com- 
pletely automatic process control is 
a few 
gineering remains to be done. 


considerable en- 
But 


years away; 


the technology of automatic sample 
measurement is further advanced it 
radiometric instrumentation than in 
any other type of quantitative instru- 
mentation. Surely, at any time now, 
isotope dilution will 
process control simply because it is 
possible to measure automatically in 
an unattended laboratory overnight 
samples that have been processed 
during the working day. 


be applied to 


Extent of Reaction 


The essence of a radiometric method 
is the use of a reagent with a radio- 
activity that has been standardized 
in terms of chemical equivalence. Ir 
extent-of-reaction analysis the amount 
consumed in a reaction is determined 
by measuring radioactivity alone. To 


50 


do this one must isolate the reaction 


product in space or phase so that one 


gets a variation in measured radio- 
activity proportional to the amount 
product formed. It is 


essary that the separation be 


of reaction 
not ne 
quantitative for the analysis to work; 
it is only necessary that the fractional 
separation be constant from specimen 
to specimen 

The 


lates the change of radioactivity to an 


proportionality factor that re- 


amount of product depends on the 


degree of separation and affects the 


sensitivity. Usually it is a constant 


or can easily be made one. When it 


measured by 
tritiated 


{ ompounds have been 


exchange reaction with 


propyl alcohol which was removed by 
evaporation so that the reaction prod- 


uct could be counted (6) 


Another typical extent-of-reaction 
analysis is one in which the analyst 
uses standardized radioactive iodide 


} 


in excess to reduce the unknown in 


the form of nonradioactive iodate. 


The iodine formed is extracted into 


carbon tetrachloride and counted 


In spite of the minimal use of the 
principle at present the potential of 
the method is equal to that of isotope- 
dilution ana s. First of a it 





is not, the equation departs from can readily be adapted to continuous 
linearity. The required correction automatic process control by  sub- 
must be evaluated from independent stitution of a radioactive reagent for 
observations the one presently in use Phis per- 
This then is a powerful method its the uss sual gravimet nd 
that can be applied to analysis Systems umetri ires but resu 
using many different kinds of se para- i tri igna is itput l 
tion steps, either partial or complete unual a it is quite co nt 
Filtering, centrifugation, extractions in st es liquid 
into immiscible solvent, dialysis and in be use eparation tec! les 
under some conditions, ion-exchange- in be q i treated 
resin treatment can all be adapted to Second| tric extent rea 
this form of analysis. n ana herent I 
Usefulness. The method has been ite tha t lilution 
ipplied very little to date, and except limited irs tl 
in our own laboratories (3) it has not ietric st ~ fF s 
been applied at all in systems using g the a single tent 
incomplete separation. The usual way I tion to a ma ul - 
of applying the principle is by measur- t the excess gent 
ing the reaction product directly. be as slight ssible rt t 
Thus sugars and polysaccharides have r-1 rror is tl t 
been assayed by using excess C'!* the fra ess of reag 
ibeled sodium cyanide to form radio- tl fractiona ror in unting 
active cyanohydrin. After driving off ss. | imple, the 
the excess vanide as a gas the reac- ! gent 1s ) ind tl Y 
tion product is counted (4 Thallium I s 5 t r-all error 
odide has been precipitated with 0.5 Si rea juite 
standard radioactive iodide and the t red t erimental yg 
recipitate collected and counted ) error to ss t 2 4 r 
Labile hydrogen atoms in organi 0.2 i rout 
Characteristics of Extent-of-Reaction Analyses 
( Loewe 
Ton Radioactive P} 3 
ght Reagent indicator paratio ) ppm 
Cl AgNO, Agito Ag 0-250 0.4 
AgNO Agi \gl 0-60 0. 
CrO, AgNO, Ag''° Ag.CrO Q-—2 , 000 Pe 
CN AgNO, Agito AgCN 0-200 2 
Cl Hg2(NO3)2 Hg? Hg ol 0-12.5 0.8 
Ba NaSO, S*50O, BaSO, 0-400 5 
SO, gaCle $50, saSO, 7-300 
Pbh++ Na.SO, S*50, PbSO, 79-600 
| CaCl, Ca‘ CaF, 0-1,000 50 
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FIG. 2. EXTENT-OF-REACTION analysis 


produces linear response as long as sepa- 
ration is constant from specimen to specimen 


r _ = 


. oe 











narge | 
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FIG. 3. CENTRIFUGE COUNTER causes 
precipitate to that counter re- 
sponds only to radiation from supernatant 


settie so 














FIG. 4, JACKETED COUNTER sucks liquid 
to be assayed into volume around G-M 
tube to separate two-phase system 
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A third advantage is relative free- 
dom of this type of assay from inter- 
ference of a The 
method is unaffected by occluded im- 
purities in the precipitate and color 
and extraneous turbidity in solutions. 

In our laboratories we 
this type of analysis on many systems 
and so far we have found that all of 
the systems we have studied follow 
The 


characteristics of 


physical nature. 


have tried 


the linear behavior we expect. 
table the 
many analyses including the ions we 


shows 


were looking for, the reagents we used 
and the sensitivities we achieved. In 
addition to the ions listed in the table, 
Br-, PO, , Bat Nit 
given satisfactory indications. 


and have 
representative 
If the 
separation factor is not constant over 


As shown in Fig. 2, 
results show a linear response. 


the range of interest, one must apply 
but this is not difficult. 
Figure 2 also shows that selection of 
the 
helpful in increasing accuracy. 


corrections, 


proper reagent concentration is 


End-Point Analysis 


The third way in which analysts are 
making use of radiotracers is in end- 
of-reaction or end-point analysis. In 
this method the radioactivity measure- 
ment is not the only or even the major 


quantitative step. In the simplest 
form a radioactive reagent is added 
stepwise until radioactivity appears 


in a different phase from that in which 
the found (8). 
Alternatively the unknown is added 
the 
in an initially homogeneous phase to 


reaction product is 


stepwise to radioactive reagent 
form a multiphase system, and the 
the first 
phase is plotted and extrapolated to 


diminution of activity in 


an end point (9). Still another way 
is to titrate in a medium containing 
radioactive ions that are not involved 
in the titration 
phase, such as a precipitate, is being 
formed, the the 
unknown ion at may 
the 
strongly adsorbed on the precipitate 


reaction. If a new 
disappearance of 
the end 
radioactive 


point 
permit ion to be 
and consequently the radioactivity of 
the liquid phase will be abruptly re- 
duced in activity, signaling the end 
(10). the that 
have been determined in ways 
fluoride 


point Some of ions 
these 
are and sulfate representing 
cadmium 
rz). 

The method at present is not mark- 


edly than 


anions, and silver, thallium 
and zine among the cations 
similar 


more convenient 


volumetric analyses—especially for 
those ions for which visual or electrical 
end points can be used. It does hold 
promise for process control, however, 
since the appearance of radioactivity 
or a rise in radioactivity is a very de- 
sirable signal. We feel that this is one 
of the easiest of all schemes to get into 
application on continuous process con- 
trol. Certainly within the next few 
years we can expect to see such instru- 
mentation in operation in an actual 
plant process. In laboratories it will 
probably see slow growth in exceptional 
situations in which interferences arise 
with other indicators. 


Analysis Evaluation 


The final class of analytical uses is 
that of evaluation of old or new analyt- 
ical procedures and development of new 
ones. Radionuclides are employed as 
tracers rather than reagents to facili- 
tate study of losses or occlusion. 

An example of evaluating old analy- 
sis methods is determination of the 
effect of iron on the assay of tin in brass 
alloys. It was possible to evaluate the 
accuracy of the iron-free process, the 
extent of coprecipitation when iron was 
present and the extent to which the tin 
was held back by iron (12). In de- 
veloping new analyses a typical ex- 
ample is the chromatographic separa- 
tion of alkali ions. The nuclides 
Na*®, K*, Rb*® and Cs'*’ can be fol- 
lowed by counting, which simplifies the 
development enormously (13). 

Very involved analyses may seem to 
work very well, but the analyst may 
wonder whether his results are arti- 
Radionuclides frequently settle 
In fact this scheme of 


ficial. 
this question. 
study seems so reasonable and easy 
that one would expect that its use 
would be nearly universal in develop- 
ing new methods of analysis. 


Automatic Analyzer 


Based on radiometric extent-of-reac- 
tion analysis is an automatic boiler- 
water analyzer that measures and re- 
cords the amount of PO,~—~~ ion in the 
range 0-50 ppm. The four steps of 
this operation are as follows (Fig. 1): 

1. Divert a small standard volume 
of the process stream 

2. Add a standardized radioactive 
reagent (Ca*°Cl.) in slight excess 

3. Separate the phases by centrifu- 
gation 

4. Count the supernatant. 

On a microswitch command a valve 
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pipette, kept full by a stream that nor- 
mally overflows at ~2em*/min, dur 
into a 
The radioactive reagent is added simi- 
larly except that on signal its valve 
pipette fills to an electrically controlled 
level and does not overflow. The two 
reactants are stirred in the vessel for a 
few minutes until a signal causes th 
vessel to empty. The resulting slurry 
then flows into a centrifuge counter. 

In the counter the slurry is directed 
onto the wall of a cylinder spinning at 
3,450 rpm (Fig. 3). After about a half 
minute of centrifugation the anode 
potential is applied to the counting 
tube and counting commences. 

The slurry volume, 12 cm’, is great 
enough that a layer of solution thicker 
than the range of the Ca* beta par- 
the precipitate. Thus 
one counts only the activity of the solu- 


ps 
i} 


its contents reaction vessel 


ticles covers 
tion and not what has precipitated as 
Ca;(PO,)>. 
After 4 min 
potential is lowered on signal, the cyl- 
inder stops spinning, and the solution 
flows out through the central aperture. 
The total cycle takes 10 min. 
Standardization of the instrument 
programmed to twice 
uses a third valve pipette and a stand- 
ard solution 
PO, The amount should be closs 
to the value actually measured in th 


of counting, counter 


daily, 


occur 


containing 10 ppm of 


system; otherwise dissolution of th« 
continually accumulating filter cak 
The same 
kind of prejudice affects actual meas- 
urements if there is a 
change of PO, 
true readings are obtained within two 
or three cycles of such a change. 


may prejudice the results. 


1 
large 


sudden 


concentration, but 
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FIG. 5. COMPARISON shows centrifuge 
method compares well with planchet 
counting. Manually controlled centrifuge 
counter saves 10 min per assay 
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The system has outstanding advan- 


tages for process control. Data can be 


presented as counting rate, charging 


rate or current depending on the in- 
struments one chooses. Systems using 
any of these data presentations are 


reliable and require only low activities. 


Volumes of the order of milliliters ar 


used in such measurements, and separa- 
tion is performed easily by centrifuga- 
period- 
eliminated by the 


counting rate of the reagent with that 


tion. Decay corrections are 


ically comparing 


of a known concentration of PO, 


Special Counters 


If the 
automat 


method is to be suitable for 


process control, the count- 


ing sample must be 


presented to the 
counter as a fluid since automatic prep- 


aration of solid counting samples 


would probably be too slow to he work- 
able Ir 


manual 


1 process-control laboratory 
sample preparation might be 
fast enough, but surely liquid samples 
We have 
veral types of counting arrange- 


The best 


ones are those that combine the separa- 


would be more convenient. 
used s¢ 
ments Ior liquid samples. 
tion and sample presentation 

Two counters that do so are those of 
The jacketed-counter- 
and-filter-stick combination is suitable 
When the  fritted 


it becomes suitable fe 


Figs. 3 and 4 


for precipitates 


r 


disk is removed 
periodic sampling o! two liquid phases 
is suitable 


The centrifuge counter, too 


for both liquid-solid and liquid-liquid 


svstems 


In w of the usefulness of centri- 
ige counting, we have designed othe 
types of centrifuge counters. One ol 
them is a manual instrument with a 


volume of 190 em To use it one 


turns on the centrifuge 


pours the 


sample in, records a count and then 


entrifuge to let the sample 
bottom 


turns off the 


run out at the Only in pre- 
idding the sample is pre 


The 


min pel! 


paring an | 
required man- 


~10 


ision technique 


ual centrilu 


t Saves 


issa\ 


over the plan het method and is 
hand it 


more precise On the other 


ibout 100 times as much 


require S 


ictivit' 1 we Figure 5 shows a 


comparison Of a series Of analyses made 


with the centrifuge counter and another 
ses of the same specimens 
made witl e' iporated samples on 
plane hets 

In designing centrifuge counters one 
must consider the energy of the radia- 


tion, cost of the nuclide and frequency 





of use, To Keep ope rating ost low 


with Ca* in a continual analysis, for 


example, one must increase counting 
reduce air 
Moreover 


if the system is not to be washed be- 


area to a maximum and 


absorption to a minimum 
contamination on 


tween vcles parts 


of the spinning cy linder not covered by 
from the 


The 


liquid must be far enough 


counter window not to count 


optimal system has been found to be 
a 10-in.-long 5-in.-diamete! vlin- 
der For harder beta particles a 
shorter, wider cylinder is indicated 


since air absorption is not important, 


one Can allow more clearance between 


ounter and sample 


Such systems work well ¢ when 
the nuclide is not a pure beta emitter 
or when it is not practical or not pos- 


ition to cove! 


sible to use enough sol 


to infinite thickness 


the heavier phase 


For exal Ag has sol ery 
energetic beta particles in 1ts spectrum 
as well is some gamma radiation 
Nevertheless issays In whic! this 
nuclide is the indicator produce a linear 


relation between radiation difference 
and the quantity to be determined \ 
simple correction permits one t or- 
rect the theoretical curve for infinite 
thickness to make a calibratior irve 


for the actual determination 
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FIG. 1. 


ment to detect fluorescent x-rays is pictured at left. 


Radioisotope-source and proportional-counter arrange- 


Sample 


Source holder 





Counter window Source / 
ns | i 











Sample 
support 


Sketch 


'~ Proportional 
counter 


at right shows how characteristic x-rays excited in sample by 
radiation from source enter counter volume 


X-Ray Spectrometry with 
Radioactive Sources 


A radioisotope source of gamma or bremmstrahlung photons can 


replace the customary x-ray tube in exciting characteristic x-rays 


to measure the thickness of materials or their chemical composition 


it Researc] 


I ray fluorescence 
tromagnetic radia- 

tion fr tube falls on a sam- 
ng fluorescent x-ravs 

tat haracteristic of 

sample) are ana- 

trometer and 

letects t} Geiger, scintillation or 
proportiol inter For many of 
the pie! | ations ol X-Tay 
source Of X- 
tio! in replace the 


tube , Phe radic 


X-TA\ 
nsotope source 1s 


than an 


~ el! heaper X-Tay 
has an invariant 
tribut l ind a 


tensit except for the slow 


stable in- 
predictable 
The intensity of radiation from a 
rad tope source is, however, con- 


in that from an x-ray 


iderab| ower ft} 
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By JOHN F. CAMERON and JOHN R. RHODES 
mnt Laboratory, AERE, 


Wantage, Berkshire, 


tube. To achieve adequate counting 
rate one must use short source-sample- 
detector distances and a proportional 
counter for energy resolution in place 
of the usual crystal spectrometer and 
The 
resolution of the proportional counter 
as that of 
analyzer and this is the main restriction 


its long path-length geometry. 


is not as good a cry stal 
on the method. 

An extra advantage of this method is 
that with the low photon intensities of 
isotope sources the radiation hazard is 
negligible. 

The most successful application of 
the radioisotope x-ray fluorescence 
spectrometer has been to measure coat- 
ing thickness. This is largely because 
the majority of coatings are simply one 
material on another and one can ar- 


range to isolate the desired x-ray ener- 


England 


gies through a suitable choice of source 
or filter. Accuracies of 1 to 5% typi- 
cally result from counting times of a 
few seconds. 

The spectrometer also can perform 
chemical analysis; however, it is not 
as widely applicable in this area be- 
cause most analysis problems concern 
complex systems and require accurate 
determination of a number of 
ments that may occur in quite small 
concentrations. 


ele- 


Apparatus 


A typical arrangement of source and 
Fig. 1. The 
source, in the form of a l-cem diameter 
disc, is located in the center of the pro- 
portional counter window. A suitable 
backing on the source prevents direct 
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detector is shown in 








radiation reaching the detector. When 


a sample is placed on the flat aluminum but only 


plate, fluorescent radiation emitted by Note t 
the sample enters the annular part of of adjac 
the window not covered by the source Zn but 


‘back- neight 


disc. In this highly efficient 
scattering”’ geometry the source-sam- exhibit t 
ple-window path length is only about 
1 em and the relatively low 
photon output from the source (i. 
about 10° per second) is sufficient for 
Because of thi ber but 
at the 


hence 


many applications. 
large solid angles subtended 
source and window by the sample 
ations in the sample to window dis- _ steep sl 


60% of the Cu radiation is transmitted 


1.5° 


of the Zn radiation. 


hat Ni, Cu and Zn form a trio 


nt 
transmitting Cu. 
DOoTINE 


nis property; 


ransition series 


irl- A less se 


tances for any particular set of meas- the regio 


urements should not be greater thar filter. | 
+0.025 cm. 

Detection and filtration techniques. 
The x-radiation to be detected usually — ( 
is in the range 2-70 kev with fluxes of Suitab 
the order 10? to 104 photons/se: \ charged 
Geiger-Muller counter can be 
the x-ray flux is less than 10° photons 
sec and where it is permissible to count __ preferal 
all the radiation incident on the counter Tl 
irrespective of energy. Generally radiation 
however, one prefers an energy sensi- 
tive detector with a short resolving hig 
time that will discriminate against un- —energ 
wanted radiation and count high pl 
ton fluxes. 

A good proportional counter (with — dire 
pulse-height analyzer) can resolve thi lsc 
K x-ray peaks of elements only two 
three atomic numbers apart. How 
ever, one experiences considerabl 
tical difficulty in keeping the bias | 
and the over-all gain of the s) 
constant enough to achieve 
sensitivity. 

X-ray filters that prevent unwant: 
radiation reaching the detector 
the for high-resolut 

and stable pulse selecte 
the for: Ay 


need 
highly 

filter takes 

the 


remove 
detectors 
amplifiers. <A 
foil that 
window; the thickness and 
number are that the 
to counted efficiently 
mitted and that to be eliminate: 

strongly absorbed. As an illustration ‘'T 
of the efficacy of the filter techniqu 

Fig. 2 shows the variation of mass 

sorption coefficient of nickel (Z 27 
with energy in the region of the Sn-L 
Cu-K and Zn-K x-ray energies (3.4 

8.0 and 8.7 kev Thi 
K-absorption edge of the Ni filter eff 
tively discriminates between the Cu H 
(Z = 29) and Zn-(Z = 30) K x-ra 

If Cu- and Zn-K x-rays are passed 

Ni filter 0.0013 em. thi 


of a covers 
ato! oS 
radiatio1 tung 


trans 


such 


is 


be 


respectively 


through a 
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ore than one atomic num = 
this 


eS less effective 


as 
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electromagnet 
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FIG. 3. Relative photon intensity vs 
for H®/Ti and H*/Zr sources 
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Number 


Saturation excitation of K x-rays in pure elements as 
a function of atomic number for (a) Pm'47/Al and Am?*! sources 








system by means of pulse height analy- 
sis. In practice complications arise 
because of the finite resolution of the 
detector, the low intensity of the ex- 
cited radiation, and selective absorp- 
tion and re-emission of the radiation by 
the different However, 
rough chemical analysis is possible in 


components. 


many cases. The two examples of 


alloy analysis given in Appendix 1 
serve to illustrate two important points 
to be considered in making such 
analyses: 
® Choice of a source to excite only the 
desired x-rays with maximum efficiency 
® Use of a filter to remove an unwanted 
x-ray of energy very close to that of the 
required radiation 

Table 1 lists the method used and the 
accuracy obtained in some other chemi- 


cal analyses. Mellish and Payne (7) 


and (b) H*/Zr and H*/Ti sources. 
produce maximum or “saturated” value of excitation 





2 
irget Atomic Number 


— 


Samples were thick enough to 


have successfully determined traces 
(i.e. 0.1% to 5%) of a particular com- 
ponent of an alloy or mixture in a 
limited number of cases with mono- 
energetic electron-capture isotopes as 


exciting sources. 
Coating Thickness 


The thickness of a thin laver of one 
material on another of different com- 
position can be measured either by 
exciting the characteristic radiation of 
the top layer only (the intensity of 
which varies with thickness up to a 
value) or by exciting that 
) and 


saturation 
of the base substance (‘‘backing”’ 
measuring its attenuation by the sur- 
face layer. Appendix 2 discusses the 
simplified theory for each of these tech- 
will present 
example of the use of each technique: 


niques. We here one 





TABLE 1—Chemical Analysis of Alloys and Mixtures 


Principal X-ray 
Compound components used 
Solder Sn, Pb Sn K 
25 kev 
Nickel in Ni Ni kK 
aluminum (7) (7.5 kev 
Silver bromide Ag, Br Br K(12 kev) 
photographic and/or 
emulsions Ag K(22 kev 
High tungsten W, Fe, WK 
steel Co, Cr (59 kev 
Hydrocarbons H, C, Co, Co K 
for cobalt Fe (traces) (6.9 kev) 


content 


Source 
used Re marks 
Am?** Pb L X-rays biased out. For 


1-5% Sn range, 8% accu- 
racy in 1 min count 

H*/Zr 1% Ni 
4% Nirange, 2% 


measurable. For 1 
accuracy 


in 1 min count 


Am**! About 2% accuracy in | min 
count at Ag density of 10 
grains/ft? 

Pm!*7 5%-20% W range, 2% accu- 

Al racy in 20 sec count. Al 


filter used to cut out scat- 


tered radiation and low 
energy X-rays 

Pm'*7/Al Balanced filters of Mn and Fe 
isolated Co K x-ray; count- 

ing time 200 sec; 0-20 gm/l 

Co; ult. 


ppm Co 


sensitivity of 10 
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Excitation of coating. In a test to 
determine the thickness of titanium- 
based paint, blocks of polyester resin 
about 5 cm square by 3 mm thick were By 
coated with various known thicknesses 
of paint containing 16.3% titanium, 
41.4% oxygen, 39.8% carbon and 2.5‘ 
hydrogen weight. Each 
was counted in turn by the propor- 


by sample 


greater 


IMPOssIDI¢ 


Also fron 


Measurement of paint thickness 
than about 12 * 10-° em is 
because of saturation. 
differentiating Eq. 1 we obtain 
st 3S0« ét 
x % 0.354 
f ( t 
ior ft 7) LO cm 2 
Eq. 1 J 1,280 counts /se¢ 











technique 


Excitation 
trate the il 


of backing. 


LIuUSs- 


sorption we 


measured with the proportional counter 


the count rate from samples of tinplate 


Che samp! s were steel sheets of various 
thicknesses greater than 0.005 cm 
covered with ¢ ectroplated layers of 


tin of thickness 0 to 1.5m 


An 


form as | }. 4a 


icrons 


equation of the same 





tional counter arrangement of Fig. l. at t F 10-°em. Thus a counting see Appendix 2) fitted the curves of 
A plot of the count rate of Ti K x-ray8 time of about 114 minutes would deter- Count rate against tin thickness 
(4.5 kev) against thickness fitsthecurve mine a paint thickness of this order to | 52x 10 
Lo ( } 
I = 1,500(1 — e—***) counts/sec (1 within an accuracy of 1%. As many 
, \ , ‘ 
paints and enamels contain Ti this where J is counts per second and ¢ 
where ¢ is the paint thickness in cm. method is capable of wide application. ™icrons 
From this « lation we il r that 
I thick: s 0.75 microns a 
ination in thi Khess corresponds to a 
TABLE 2—Coating Thickness Measurements 0.4° change in count rate which can 
_ CR rn be measurt n 70 seconds 
Substance Coating Backing X-ray used S } Rema : 
Pe 2 Ss ee 7 i Both t methods ire y 
Electroplated Zn I K H Coating thickness g onsidered for routine process cont} 
galvanized steel 6.4 0-120 10-*in. A . : 
abl é l otne! Su esstu 
x ippl itlol 
Hot-dipped Zn I I c I Coating ness 1 - 
galvanized steel 6.4 ke 0.7-1.8 = \ BIBLIOGRAPHY 
2 in 100 B. ¢ I \I s \ 
Electroplated Cu Fe I { Coating as At 7 
copper on steel n 9 v Na Y 90S 
r it ‘ 
Platinum on Pt I I Coating sean 0 , tale 
titanium 10 2 1 ‘ | { 
au n 10 se 13, 212 ; 
Silver-plated Ag Cu H!/Zrs excites ( P.D. Z s 30, 2 
copper wire 8 K t Ag | — 
Any s e wh x : , 
tes Ag K als _ 
‘ nif ; 
Nickel-plated Ni Cu ‘ re i. ; 
copper 7 9, ° ° 8 
Iron-based ink Prussian Paper R i 5 I I ( 
on coated and blue ink Ba and 1 4 Als fR 
uncoated paper (Fe) fillings g ind 
and glaze : 
3 ERE-I ‘ ) 
coa ngs - 8s { 
11 
APPENDIX 1 =e 
Examples of Chemical Analysis 
Cu-Sn alloy. An easy example of fluo- g 1 t I Cu K 
rescence analysis is that of a binary alloy Sn I lia ind ul z ( s bt 
elements with widely different atomic nur g op] pl As Fig. 2 show Ni Glter w 
bers The spectrum obtained with a single Fr t ¢ otal u te aga s | yr 
channel pulse height analyzer on exciting a rate aga ge copper we find tha Cu-Zn alloy , at diff 
1:1 Cu-Sn alloy with the H*/Zr sources 1 50 for example, « } iat iat ae 
compared with the spectra for pure Cu and i i 90.00 0.33 ‘ | | 
Sn in Fig. 6a. The Cu K radiation (8.0 Of 1 " 7 H " 
kev) is excited to a much higher degree tha If H/T ised, its high 1 ad : . Bas 
the Sn L radiation (3.4 kev A series of ri | xcite ipprecia il cou lia 
alloys were analyzed and graphs of count Sn I i te f atte oe 
rate against percentage composition f the ¢ K x-rays bia , 
shown in Fig. 7. Since the counts recorded Thus bot t rate for the Sn L peak ' fro Bot} ; 
in the region of the Sn L peak are main! ind that f Cu K peak are sensitive t emy zt ( yj 
background and therefore do not change changing B biasing o 
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By tting the bias so that most of the 1Sp L ¥ cu K, (80 kev) 
pulses due to the Cu K x-rays are biased (34 kev) 
yut, the yunt rate recorded for a Cu-Zn 40} Cu 
1 nes the zine Biasing in : 
e A anne } es elaborate electronic Channel width 
equipment | gain bias levels stable ry 30 
igh to ta ‘ rmducible results & ~ os ies . 
On the ther i, a Ni x-ray filter to 2 = 50% Cu-50% Sn 
Z \ " be used to obtain 3 S 20} 
il odification . 
Fig. 2 The filter ‘. 
10 
ppt 
ilibration curve of 
ig t opper tor various y 40 6 RC L - i i 
fa 0.0013 thick nickel filter oy ( me. cn .. 2 
I pe of graph a 90/10 Cu-Zn ssshiess bo ofon Energy © i kev 
ilvzed as 90.0 4 FIG. 6. Spectra for Cu-Sn alloy and Cu FIG. 7. Calibration curves for Cu-Sn and 
0.9 g time of 200 sec and Sn for excitation by H*/Zr source Cu-Zn alloys with H®/ Zr source 


APPENDIX 2 





Theory of Thickness Determination 


Excitation of covering layer If there i spectrum is continuous hould strict bye te kikeloN gor 
] the writte is a (fi + yp A 
vanpinesssetccite Ema exp [—(fs + wa) px coser Dave) (3A 
1 ia I ; I(E)\dE 


JE or simply 
, 


I = Imax @ % (4A 


where Ey, is the energy of the 


‘ ptt nT 
; Che notation is the same as in Eq. 1A except 
‘ edge; " s 
i : that f@; and g@; are the mean mass absorption 
N is Avogadro's number : 
A \ ; coefficients for the exciting radiation in the 
o is the photoelectric cross-section for 1on- ; k i th x ; 
‘ vacking and the surface layer respectively, 
ization of the A shell of the target element & . I sy 
and Mu and Ma the corresponding values for 
»\ by the incident spectrum I 
2 the fluorescent radiation of the backing 
we Is the fluorescence yield for the target 
Any excited radiation in the surface layer 
gy o! on element of atomic weight A . 
| is assumed negligible. We also assumed 
i s the mean mass absorpti wficient ne 
: that the backing is thicker than “satura- 
of tuo tor the exciting spectrum ul the mple of a oat 
: : . tion”’ thickness rhis is true for steel with 
il counter density p and we the mass absorption coeffi- Z te 
thicknesses greater than 0.005 cm The 
gas fi g cient for the fluorescent x-ray . 
approximate validity of the factor 
and Oave is a measure of the in glancing . 
| ingles of incidence and re-emission for the kikel Ngo. ; ; 
x exciting and excited radiatio _ LAX (SA 
. (fii + po) A 
O6..¢ Is Atunction of geometry and with the 
thie broad-beam geometry used in this investi- has been verified (8). 
gation would be very difficult to calculate Range of thickness measurable. When 
\ value of 60° for @,.¢ was found to be cor the coating is excited we saw above that the 
tent with theory and experiments per- range of thickness which can be measured is 
formed with the apparatus shown in Fig limited to x < 3b. For high energy radi- 
8 For feasibility predictions, which ation incident normally on the surface the 
ire little more than an order of magnitude maximum measurable thickness is given by 
ilculation, @ can be taken as 90 : , 
xx = 3 6 
Krom Eq. 1 we see that for thicknesses M2PX 
such that bx fii + p2) px CoseC Oyyveg > 3 If the backing is excited and the radiatio1 
"ail the excitation has reached a saturation obeyed an equation of the form of Eq. 4A 
swlue this value of thickness is deter there would be no upper limit to the measur- 
mined for a given material by the im of g able thickness range. In practice, because 
and yu Fora given material we is fixed and of the absorption of the incident radiation, 
ui can vary from its maximu! value of excitation of some radiation in the coating 
J about 7 we at the top of the absorption edge and radiation scattered from the coating, 
f/f 
Y/ to a very low value at high energies Thus there is a limit which in many cases is given 
a one can extend the range by using an excit- approximately by Eq. 6A 
: ing source of higher energy, but since the Figure 8 shows the product of p and yx 
excitation cross-section is proportional to given by Eq. 6A for different atomic num- 
_ , m1 the characteristic x-ray intensity will ber materials One can take this curve as 
. : then decrease accordingly. the absolute upper limit to the thickness 
; ; Excitation of backing. The equation for measurable by either technique. This 
variation of count rate with thickness of thickness is also the minimum for the back- 
FIG. 8 Maximum coating thickness meas- coating when the fluorescent radiation i ing material to give saturation excitation 
urable by exciting K x-rays the backing is excited to saturation is to its K x-ray 
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Two Approaches for Sodium-System Equipment: 








Relief - 
vent 
ports 





Anti - convection 
boffle 


a Fermi and Hallam 
re. rousenceens es Steam Generators 


Btu/hr, has preheater, evaporating and 
superheating sections all within one shell. 
Sodium is within shell; water passes through 
1,200 tubes. Design approach with single- 


wall tubes accepts chance of leak, provides 
for safe disposal of sodium-water reaction By FRANK BONI and PHILIP S. OTTEN 


products via rupture disk and vents Griscom-Russell Co., Massillon, O/ 


Excessive thermal stresses in sodium-heated steam generators tend to 
fracture tubes, tubesheets, shells and junctions—thus permitting 
vigorous sodium-water reactions. Two new steam generators take 


different paths to reduce these stresses and the effects of a tube rupture 


CONTRASTING DESIGN approaches ar st and performance were key factors generators met has a 
being taken for the steam generators for n the selection of materials. tube arrang th |} 
the Fermi and Hallam plants. Bot! In the three once-through Fermi annular s between the tube that 
aim to resolve the problems of exces- generators (Fig. 1) hot sodium is in th mtains t lium and th 
sive thermal stresses and interleakag shell, and water and steam flow throug] excludes the ter or stean 

Operating experience with sodium- the single-wall tubes, which are ar- : 
cooled nuclear power plants has shown ranged in a unique involuted tube Fermi Generators 
clearly the key role that steam gener vank. Each of the three Hallam steam As shown in Fig to transfer 489- 
ators play in the reliability of sodium- generators (Fig. 2) has a thermal-cir million Btu/hr, 2.62-millio 
reactor systems (J, 2). Based o1 ulation kettle-type evaporator and sodium at S20° F enters each of the two 
this experience, two different design ap- separate superheater with water or 2-in. nozzles on thi 
proaches are being used to resolve — stear n the shells; sodium flows lown over tl ks of the tubing 
these problems in the steam generators through the bayonet tubes (Fig. 3) in the annulus bet n the sh t} 
we have built for the Enrico Fermi a twice-through path in both the thermal shield and then leaves at 520° ] 
Atomic Power Plant and for the Hallan evaporator and superheater sections. through the nozzle at the bottom (Ap 
Nuclear Power Facility (3). Both To monitor tube leaks in the Hallam between the sodium level and the outlet 
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Gas monitoring conn Monitoring ~ Tube-bundie | Steam containment 
ty Sercnaeel i shroud rT apie shell 

\\ Outer tube Water level 

Na tubesheet eae" A 4 
: 251,000 Ib/hr 530 F saturated steam ; Access 
me — - —i, opening 
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EVAPORAT 


OR — 
(3,680 ft* 


559°F No 
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ae || ol enleniontontonte 


= pe) 

— Outer tube 

cop 
= > —Inner tube 

— amano cem cop 

; ‘Ned of 
Welds Duplex tube | Support plates a 
tubesheet 256,000 Ib /hr 





j ° 
Es 4 304 F feedwater 
aft a 


4 


FIG. 2. HALLAM STEAM GENERATOR, each (there are 3) of water or steam within shells. Steam from surface of water in 
which transfers 288-million Btu, hr, consists of separate evaporator, evaporator travels up risers to eliminator, where remaining en- 
eliminator and superheater sections. Sodium passes through trained moisture is removed centrifugally (4). Any leakage will 
duplex bayonet tubes in evaporator and superheater, which have be detected by change in pressure of helium between duplex tubes 


Feedwater (476.000 
80° F enters the top central 
tul heet, flows down inside 
tubes ip through 

20) = tube eacl . in o.d., 
7S {ft long, exposing a 

1 962 ft? surface to the sodium 


vhere it is evapo- 


ted: then it rises to 
er and leaves at 
TSO0° F. S85 ‘ Velocity of the dry 


23 mph, so it 
The mean- 
ind heat-transfer 


evaporator and 


tively, 73.5° and 

195, 72.3-203° and 825-497, and 108° F 
87.3 Btu/] t F. 

Reduce thermal stresses. An inert- 

p t in the upper space in the 

luces the steady- 

ratur lifferences across the 

Fig l and 4 It also 

the upper tubesheet from sud- 
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den thermal transients in the sodium ~70 psi pressure in the shell. If a 
the space also acts as a surge orexpan- tube ruptures during full-load oper- 
sion tank). The thermal shield (be- ation, the temperature would peak at 
tween the central core—including the nearly 1,700° F, but tests indicate no 
downcomer tubes—and the annulus damage to surrounding tubes. Tube- 
where sodium flows across the tubes to-sheet attachments will be accessible 
confines the sodium flow over the tube through the annular openings at the 
bank. The ports in the thermal shield upper end of the steam and water 
above the liquid level connect the two manifolds. This will permit the oper- 
gas spaces so as to balance pressures ators to plug a tube if it leaks. If tube 
when the sodium leve varies as replacement ever becomes necessary, 


flow and temperature change during _ it will be done in clips of eight tubes at 
operation a time. 

If a tube leaks . . . The design ap- Advantages. A Fermi-type once- 
proach is to accept the possibility of a through steam generator with sodium 
rupture, to contain it if it occurs, and — in the shell and water in the tubes (a) 
to dispose of the reaction products has lower capital cost because there are 
safely. If a tube leaks, steam and fewer tube-to-tubesheet attachments, 
water-sodium reaction products can tubesheets, steam heads and no steam 
escape through the central well or up drum; (b) can be drained of sodium 
through the annulus and the ports in’ completely (and surfaces exposed to 
the thermal shield, then out through sodium can be cleaned readily); (c) has 
the rupture disk. Tests indicate  thinner-wall tubes because the high 
sodium-water reactions would lead to pressure is inside the tubes; (d) has 
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Na tubesheet Tube-to-sheet weld tubesheet 
- ——E——EE ——— = 
FIG. 3. DUPLEX BAYONET TUBES in Hallam steam generator operation, sodium in superheater flows down annulus (between the 
permit using change of pressure of helium in annulus to indicate insulating core tube and inside grooved tube) to cap end, then 
failure of either wall separating sodium and water in shell. In returns inside core tube (reverse of flow in evaporator) 
thinner shell walls with low-pressur collapse completely without leaking out the annulus | leaves the n 
sodium in the shell. The possibilitv of a large tube rupture it 559° | Feedwater (256.000 
The price of the three Fermi stean requires standby disposal equipment at 304° F goes up into the evaporat 
generators was ~$41/ft? of effective for reaction products shi s heated to 530° F in passing 
tube surface. Future units of this Since any scale-forming solids in the r the 3,680 ft? of hot tubes 
type probably would cost $30—35 ft water will deposit in the once-throug! 251,000 Ib hr turated steam, whicl 
Disadvantages. With high pres- tubes and decrease performance, ver) rises into the sup ter shel 
sure in the tubes there is a greater pure wate! required. Of cours it passes over the 2,150 ft* of hot 
chance of any failure enlarging to pro- there need be no hesitation in using this — surface and iperheated to 833° I 
duce a gross opening in the tube. This onfiguration if a properly designed Reduce thermal stresses. JT} 
could allow a large amount of water to evaporator is used to keep the water ited core tu t use I { t 
react with the sodium (if the high pres- — essentia id-fre lk; vaporator tests tubes for thi le temperature rang 
sure were in the shell, failure by buck naicate irities il be held t that prevall t evaporator 
ling of the tube wall would not lead to ~0.006 ppm during unattended steadv- iperheater f Che ba t 
such serious leakage since tubes ofte: state operation, with short-term peaks tube design (Figs. 2 13 
0.020 | during load changes fferentia i! ind ti 
) I t that can be expected t bet ind 
rs t r i 0.100-0.250 pp t i ind t 
under abnormal transient operation g tl t such 4 
Upon initial startup a maximum 0.003- — tu ry} y ft 
} : er is obtained with- stresses are f rate 
ut an ittent to the evaporato! span between t up t 
luring this time measurements show 1 those caused lrostat 
total of 0.150-0.200 ppm total solid sure and ther gradients in tl 
As a result of these tests, modit , t} orator tr t 
tic es ¢ rator design mre ¢ t “ t} } a t 
t t t better pu t t il i t thet 
t-tube d t} liu 
Hallam Generators wae ao 
The Ha team generators use 4 n the inco gy sodium do not 
I t ipproach than that lirectly on tl l t tube I t 
the Fert Plant The evaporator ti hut rathe ' ‘ 4] 
sect tt tvpe with water tec t () 
the s tel dium as the heat t iv-state the! tresse t 
s Fad Sour { tubes—similar to a power also are ise the t 
ee fire-tube boiler As shown in Figs. 2 ture difference act the tubesheet 
FIG. 4. TUBE-TO-SHEET WELDS in Fermi ind 3, to transfer 288-million Btu, hi nly that bet outlet 
steam generators were made using auto- 2.82-million |Ib/ hr sodium at 895° | ind the saturat team Becau 
matic heliarc (tungsten electrode) welding ters the superheater sodium inlet the kettle desig ee 
gun after tubes were roller-expanded into i +] h tl ; “ ° 
ied . plenum, flows throug e annulus the outlet-sodiu | stean ra 
recession in top of tubesheet. This type of | ' rough saoeioen Ml , 
semi-internally welded joint should be re- between the insulating tube and the tures, changes U rievell 
liable -since it is somewhat restrained nner monitoring tube) to the cap end ffect on the therma nduced stre 
radially and tightens as steam pressure of the bayonet tube, back through the it the tube-to-sheet inction In 
inside tube rises. Also, separation forces are ce a necator tlet t ‘ ‘ P 
. 7 : core tube to the superheater outl superheater, the sodium countercurt 
will be very low because entire tube-clip ; : ¥ Sy 
e e e y ‘ TY The ’ m4 ‘ ‘ e + ow ‘ ‘ pwd moro yf ) 
structure is flexible and gas insulates tube- = P#°"" t 830° F it flows down fi ind th proach 
sheet from sodium temperature changes to the evaporator, into the core tube superheated steam to the inlet sod 
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erature (combined with the low 


surface-heat-transfer 
tend to minimize 


induced stresses in the steam 


superheated steam 


tubesheet and tube-to-sheet welds. 
If a tube leaks The philosophy 


i duplex tube with helium in 


the annulus to monitor for any leakage; 
if eak occurs, the operator can shut 
for repairs before any 
ition can occur, Al- 

ind outer tubes are 


panded into intimate 


| the heat-transfer bond 


sodium in the inner 
helium can always 
the 


ti | trom monitoring 


thr h the 66 semicircular 
wide) on 


tube 


yg es (S mil deep, 16 mil 
tl titer surtiace ol each inner 
essure of the helium 
steam and that 


t| miu Thus, if helium pres- 


i leak from the tube 
if helium 


onversely 


rise the steam-water side is 


design 


ivonet 


Advantages. Phe b: 
a tubes to the 


ts butt-welding the 
these welds can be 
I phed to assure their integrity. 

iT Iie I es in whi h Impuri- 
t ! ! ntrate or crevice-corro- 
tress reheving oper- 
tural reli 


fillet in the 


ir stru 


tu t neet att ment gives a more 
flux 


{ I i tresses and stress con- 


heat and this 
With the hot low-pressure 

ind high-pres- 
tubes, the pres- 
sea leaking tube 
ther tl ryt ting the defect; 
‘tube tends 
transter 
The 
is inherently 
10” 


Li Valls 


surges from 
ilst the 
iporator to rise 
ind tube sur- 


be b ontinuously during 


is content small, 
this 
venerator are less stringent than 
An eight-month 


to keep soli 


quirements for 


t of a Hallam-type 
it-transtie! 

hr/ft F can be 

or maintenance 


nt to operating at the 


cle sigh showed 
rate of SOO-900 
sustained with- 
This 


pre- 
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coefhicient of the 


dicted clean heat rate, although exami- 
nation revealed 5-8 mils of oxide on all 
tube surfaces (with a 0.0005 fouling 
factor, the calculated heat rate would 
be 570 Btu/hr/ft'/° F). 
Disadvantages. Because of the 
four concentric tubes in the duplex 
bavonet-tube design, the three Hallam 
steam generators cost about 3! times 
as much per unit effective area as the 
Fermi-type once-through generators. 
Furthermore, the potential of the bayo- 
net design is limited since it probably 
is not practical to increase the pressure 
of the 1,500 psi. 
For design temperatures above 950° F 
the 


low- 


steam side bevond 


it would be desirable to divide 
superheater into two sections: a 
to heat the steam 


above the saturation tem- 


temperature portion 
to ~ 150° F 
perature) built with ferritic materials, 
and a hotter austenitic section 

Cost reductions for either type of 
steam generator might be possible in 
the future if operating experience per- 
mits statistical quality control of tubes 
welds (rather than the 


and present 


100°, inspection). 


Materials 


In both the Fermi and Hallam steam 


generators, carbon steel is used for 
water- and steam-containing parts that 
than 650° F; 
2',Cr-1Mo stainless steel serves for 
hotter 


strength better than do other ferritic 


contact sodium cooler 


parts because it retains its 
materials, 

Fermi. The Fermi steam generator 
2',Cr-IMo alloy steel, 


which is the strongest ferritix 


is made of 
material 
for containing water, steam and sodium 
In tests this alloy held 
sodium during unexpected excursions 


up to 850° F. 


to temperatures greater than 1,200° F 


with no yx rceptible damage to the 
metal structure But other tests 
indicate sodium hotter than 850° F 


leaches carbon from this alloy and so 
the 20%. 
Since this leaching apparently is a 
attack, 
the Fermi design assumptions merely 


lowers alloy strength by 


general (rather than localized 
compensate for this 20°, reduction in 
the ASME 
To resist corrosion on the water side, 
a tightly 
is permitted on the tubing. 

Hallam. 
a 5Cr-!oMo ferritic alloy in 


code allowable strength. 


adherent blue-oxide coating 
On the other hand, we use 
contact 
with the sodium hotter than 850° F in 
But we 
with 2!,Cr-I1Mo in the 


the Hallam superheater (8 


have staved 


Hallam evaporator, which will not be 
as hot. 

Why no austenitic steels. Although 
austenitic stainless steels are stronger 
than ferritic ones in steam generators 
where the steam is superheated more 
than 150° F above saturation tempera- 
ture, the austenitic steels are more ex- 
pensive. They have served success- 
fully where the water has been properly 
deaerated and purified for once-through 
boiler operation. But operating expe- 
9-11) indicates that austen- 
itic stainless steels do not contain boil- 


rience (7, 


ing water or slightly superheated steam 


satisfactorily when more than very 
little oxygen and few chloride ions are 
in the water. Other materials, such as 
nickel-chromium alloys, that would be 
the 


these steam generators were eliminated 


satisfactory at temperatures in 
on the basis of cost. 

Because of its higher thermal con- 
ductivity and lower expansion coeffi- 
cient, ferritic steel has an added advan- 
tage over austenitic steel for use in 
equipment subjected to strong thermal 
shocks; thermal 
~40% less, the ferritic equipment lasts 


since stresses are 
longer. 

Future improvements. 
signs of both these units adhere to the 
ASME code, only code-approved mate- 


Since the de- 


rials were used. However, a mate- 
rial containing more chromium and a 
stabilizer such as titanium or niobium 
might be satisfactory. Steels having a 
greater molybdenum content § (e.g., 
5Cr-1 © Mo) 


strength at 


might provide greater 


elevated temperatures. 
The promise of these materials is being 
studied. 

BIBLIOGRAPHY 


B. Williams rrends in 
NuUCLEONICS 19, No. 1, 


R. W 
sodium equipment 
65 (1961 


Dickinson, J 


Sodium steam generators must show relia 
bility, NucLEoNIcs 18, No. 4, 97 (1960) 
Power reactors and experiments the world 


around, nucLeonics 18, No. 11, 148 (1960 


J. D. Williamson, R. F. Andres. Operation 
and Water Conditioning of Unit #4 Tait 
Station, Symposium on Once-Through Boiler 
Plants for Subcritical Pressure (March 31 
April 2, 1959 
F. Boni. On the design of a liquid-metal 
heated bayonet-tube steam generator, AS MI 
paper No. 57-SA-24 (1957) 

6. W. T. Morgan, L. J. Zommer, W. Milich. 


Tests of a bayonet type sodium heated steam 
generator, American Nuclear Society Meeting 
1958 
Technical report #51 and addendum, 
Co., Callery, Pa 
§. W.C. Hayes, O. C 


decarburization — of 


MSA 
Shepard. Corrosion and 
ferritic chrome-moly 
steels in sodium coolant systems, N 4 A-SR- 
2973 (1958 
R. W 
project 
1957 

C. F. Verrett, Jr. 
Liquid metals handbook 
plement, TID 5277 (1955 


Review of SIR 
KAPL-1450 


Lockhart et al 
model steam generator 


KAPL-1826 


sodium 


1957 


NaK sup 


61 





NUCLEONICS DATA SHEET No. 42—Shielding Constants 


Gamma-Ray Attenuation Coefficients 


By PETER F. BERRY, UKAEA, Wantage Research Laboratory, Wantage, Berkshire, England 


RADIOACTIVE soURCES of low-energy values rption coefficients for tted ilues g 
electromagnetic radiation are finding narrow-beam geometries. The graph  Grodstein ind Allen (3 
extensive use in instruments for deter- below gives in a simple form the mass 
mining thickness, density and compo- ibsorption ficient as a function of ‘ 

ies ee 2 ait BIBLIOGRAPHY 
sition. To select the most suitable gamma-ray energy and atomic number 
source for a specific measurement, pre- of absorbing material. The graph is . G. sUcI 314, N 
dict the performance of an instrument in extens to low photon energies Ai peat nage “ 19 ~y : 
calculate detector efficiency or select f Chappe graph in NUCLEONICS S. Allen, “Handbook of | 

t sneet N LO | and Was ay oO : ) ~ 


a suitable filter, one must refer to Data 
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TELEMETRY 
SYSTEMS 


RAYTHEON’S NEW A-D CONVERTER: UP TO 5.0 x 10° 


























HIGH SPEED 
DATA PROCESSING 


INDEPENDENT 8 BIT WORDS PER SECOND! 


ister than any other available, Raytheon Analog-Digita 
I lable, Raytl Analog-Digital 


Convert econd aperture time allows digitizing 
of pulse than microsecond in width. With multi- 
plexed input, it lications encompass any product or 
process requiring digitized analog voltages in continuous 


or intermittent torm. 


About the 


readily inte rate¢ 


ize of an office typewriter, Model AD-50A is 


} 


1 with established systems: its flexible de- 


sign allo eceptance of variable input as well as wide 
variation yutput format and logic. Its almost unlimited 
systen itions offer industry, government and the 


RAYTHEON COMPANY 





EQUIPMENT Division 














military a basic, solid state tool that revolutionizes the 
present state of the art. 


All of its outputs are usable, every readout is valid, and it 
can be operating in your system in less than 90 days. 


MAIL COUPON TODAY FOR BROCHURE 


Raytheon Company, Dept. 31, Lexington 73, Massachusetts 
Attention: M. B. Curran 


Please mail me Specifications on: 
| Model AD-50A 8 Bit Converter 
New 10 Bit, 1 megasample Converter 


I’m interested in possible applications to the following type system(s): 


Name & Title —_ 
Company —_ 
Address — 


City & State 2 = 


Lcescmamancncnenenananenannesnennastl 




































Low 
Background 
Beta 
Counting 
System 


omni / guard 


Guaranteed ultra low background, guaranteed high efficiency counting, 


compact shielding, automatic or manual operation, a choice of sample 


sizes... all these advantages are combined in the new Omni/Guard 
® BACKGROUND System from Tracerlab. This new system utilizes the very latest Tracerlab 
instruments... the new Multi/Matic Sample Changer, the Omni 


LESS THAN O.3 CPM 


Guard Anti-Coincidence Flow Counter and the new Omni/Guard 

Scaler. Each is the most advanced in its field. Small wonder the new 

@ 1” OR 2’ SAMPLES Tracerlab Omni/Guard System outperforms all other low background 
Beta counting systems. 

® MANUAL OR AUTOMATIC With the new Tracerlab Omni/Guard System it is possible to assay 

solid beta samples with counting rates of less than I c.p.m. You'll get 

SYSTEMS superb counting efficiency (even for low energy beta rays, C4, S*5 etc.) 

because of the ultra thin Mono/ Mol Windows of the Omni/ Guard Flow 

Counter (<125 ug/cm?). Very low background coupled with high count- 

ing efficiency means less starting material is needed, lower activity levels 

can be measured and counting time is substantially reduced. Yet the new 

Tracerlab Omni/Guard System is moderately priced and economical to 
operate and maintain. 


— The Tracerlab Omni/Guard System may be combined with a variety 
Iyace? ab fracerla of standard readouts; Tracer/Matic timers; Time and Count printers 





and Time, Count and Count Per Minute printers 
By extending the range of detection sensitivity further than ever before, 
1601 Trapelo Road, Waltham 54, Massachusetts the new Tracerlab Omni/Guard System opens a new era of instrumental 
2030 Wright Avenue, Richmond 3, California analysis. You should have complete information on this latest 
Tracerlab development. Write for Tracerlab Omni/Guard Bulletin 


yisit TRACERLAB BOOTHS 22 and 23, HEALTH PHYSICS SHOW, JUNE 13 —16, RIVIERA HOTEL, LAS VEGAS 
IN ADDITION TO OMNI /GUARD SEE THE NEWEST DEVELOPMENTS IN EFFLUENT MONITORING SYSTEMS 
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OFFICIAL PROGRAM 


1961 Meeting, Exhibition 


and Activities Schedule 


HEALTH PHYSICS SOCIETY 


Prepared as a service to the 
HEALTH PHYSICS SOCIETY 
by NUCLEONICS Magazine 











1961-HEALTH PHYSICS SOCIETY 


Meeting, Exhibition and Activities Schedule 


Sunday, June 11 


12:00—9:00 pm Registr 
12:00—9:00 pm Tour ( 
1:00 pm—4:00 pm Board of Directors Meeting 


Monday, June 12 


7:30 am—5:00 pm Registration 

8:30 am—5:00 pm Certification 

7:30 am—5:00 pm NTS Tour 

6:00 pm—10:00 pm Exhibition will be open and from 9:00 am to 5:30 pm thereaft 

6:15 pm—7:30 pm Host Cocktail Part it Riviera Hotel (members. wives, student ! exhibitors 


Tuesday, June 13 He 
9:00 am—5:30 pm Exhibition; Health Physics Society Business Office and Healt 


Phvsies Societ Pla ent Othee will be open 
9:00 am—9:15 am Opening remarks: J. S. Laughlin, H. E. Gries tiviera 
9:15 am—12:00 noon General Session: I ition and Training in Health Phys 
Dedicated to Dr. Elda Anderson 
1:45 pm—4:45 pm Session A: Internal Emitters I, Inhalation Studies 
\laximum Permissible Exposures 


1:50 pm—4:45 pm Session B: Develo; nt and Design of Laboratory and Plant Phunderbird 


1:45 pm—4:45 pm Session C: Misc is Topics In Health PI 


Wednesday, June 14 


9:00 am—5:30 pm E:xhibition: Health PI Society Business Off 1 Healt 


9:00 am—10:00 am Session A: Internal Emitters II, Whole Body Counting Stu 
10:00 am—11:30 am Bioass Problems 
9:00 am—11:30 am Session B: Surface Contamination and Environmenta Chunderbird 


11:45 am—2:00 pm Luncheon and Speaker (members o1 Riviers 
2:15 pm—4:45 pm Session A: Waste Dis 
2:15 pm—4:45 pm Session B: Dosimet Chunderbird 


Thursday, June 15 
9:00 am-—-5:30 pm exhibition; Health PI Society Business Office | Health 


Physics Society Placement Office will be oper 
9:00 am—11:45 am Session A: Radiobiolog nd Ecology Riviera 
9:00 am—11:45 am Session B: Miscellaneous Topics in Health Physi Chunderbird 
1:45 pm—4:00 pm General Session: Symposium on Dosimetry Riviera 
4:00 pm—4:45 pm Business Meeting 
5:30 pm—46:30 pm Cocktail Party (members, wives, students and exhibitor 
6:30 pm—10:45 pm Banquet Dinner sho members, wives, students and exhil 


Friday, June 16 
9:00 am—5:30 pm Exhibition: Health PI 7 Society Business Off 1 Health 
9:00 am—10:45 am Symposium on Rover Project 
10:45 am—12:25 pm Symposium on Radiation Accident 
2:00 pm—4:00 pm Tours of Las Vegas Laboratori¢ 
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Tuesday Morning, June 13, 1961 
General Session Hotel Riviera, Versailles Room 
9:00 at Welcome and Opening Remarks—John 8. Laughlin, President, and H. EF. Grier, Health Physics Society 
EDUCATION AND TRAINING IN HEALTH PHYSICS 


derator: W. D. Claus, U.S. Atomic Energy Commission, VV ashington, D.C. 


1/ 


Dedication—In Memory of Dr. Elda Ek. Anderson 


9:15- 12 Existing Training Programs Objectives of Academic Training Programs 
W. LD. Clau ( S. Atomic Energy Commission, Wash M Kisenbud, New York University Medical Center, 
D.¢ Vew York, N. Y 
Need Government International Aspects of Health Physics Training 
Welw Division of Radiologica! Health, Dept. of M. Suzuki, International Atomic Energy Agency, 11 
h. Ed uion and Welfa Washington, D. ¢ Kaerntnering, Vienna 
New Industry Certification Standards 
| Westinghouse Electric Corp., Pittshurgh | Cowan, Brookhaven National Laboratory, Upton, 
V.¥ 
Ne Medicine Professional Status for the Health Physicist 
Wo os Columbia Presbyterian Medical Cente W. D. Claus, U. S. Atomic Energy Commission, Wash- 
\ } Vv.) ngton, D. ¢ 
Tuesday Afternoon, June 13, 1961 
Session A Hotel Riviera, Versailles Room 
INTERNAL EMITTERS | 
INHALATION STUDIES 3:10 pm Size-Selective Samples for Estimating ‘“ Respir- 
ray J. N. Stannard, University of Roches able’’ Dust Concentrations 
etait vy M. Lippmann and W. B. Harris, U. S. Atomic Energy 
. Commission, Health and Safety Laboratory, N. Y 
15 effect of Particle Size and Total Dose on Reten- aor 
. : f 3:25 pm Discussion 
t nd Translocation of Inhaled Plutonium 
\\ Ba Hanford fiomic Products Operation 
Wasi MAXIMUM PERMISSIBLE EXPOSURES 
OO Bronchogenic Carcinoma From Chronic Irradi- Chairman: Wright H. Langham, Ph. D.. Los 
{ th Radioactive Cerium Fluoride (Ce! tlamos Scientific Lab., Los Alamos, N. M. 
P . 
3:30 pm Variability of Relative Organ Concentration of 
HT ¢ , sity of Cincinnati, Cincinnati, Ohio ah Pe ore 
is lrace Elements in Human Tissue 
15 rans ol T cretion o aled Ce! #0 : 
y. , ition and Exeretion f Inha i ( W. S. Snyder and M. J. Cook, Oak Ridge National 
Particles Lab., Oak Ridge, Tenn 
7 : Was) . pesca shen 3:50 pm Radionuclide Classification: Relative and Abso- 
= lute Hazard 
2:30) Distribution and Exeretion of Thorium in the ' 
eo : - 1. W. Vanderbeek, Hanford Atomic Products Operation, 
Rat Following Parenteral Administration Richland. Wash 
I as, R. Lie and J. K. Scott, University of ; : —e : 
dates Me 1:10 pn The Estimation of the Internal Radiation Expo- 
2-40) Distribution and Exeretion of Thorium in the sure Resulting from the Ingestion of Fallout- 
> a ae i Contaminated Water in a Nuclear War 
Rat | ) Wing | Hhadation 
| | | R. ( Ch as and J. K. & M. B. Hawkins, University of California, Richmond, 
Rock Rock Vv. ¥ Calis 
2-50 Discussion 1:30 pm Comparison of Predicted and Measured Equi- 
2-55 Inhalation of U,O. Smoke from Exploding Wires librium Levels for Chronically Administered 
B | ind F. G. Karioris, Oak Ridge Nationa Cesium-137 
oO Ridge, Ty and Marquette Uy» sity C. R. Riehmond, Ph. D. and J. E. Furechner, Ph. D., 
VV i Los Alamos Scientific Lab... Los Alamos, N. M 
Tuesday Afternoon, June 13, 1961 
Session B Hotel Thunderbird, Camellia Room 
DEVELOPMENT AND DESIGN OF LABORATORY AND PLANT EQUIPMENT 
( P. B. K’Burgh, E. 1. du Pont di L. Lewis, Carolinas-Virginia Nuclear Power Associates, 
“5 Tne 
Verne nd Co., Inc., Savannah River Plant ; ; : . 
: ey anes 2:04 pm Health Physics Aspects of Handling Spent Fuel 
(o-€/ nia? H | Vet leare MN, k / du Pont de , , ‘ . > 
Z j ¢ bR Pl elements at the Savannah River Plant 
vemours and Co., inc., Savannah hwer Plant R. D. Caldwell, E. I. du Pont de Nemours and Co., Inc 
W) Radiation Design and the Health Physicist Savannah River Plant 
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Tuesday Afternoon Session B Cont. 


2:18 pm 


2:32 pm 


2:44 pm 


2:58 pm 


3:12 pm 


1:45 pm 


2:00 pm 


2:15 pm 


2:30 pm 


2:45 pm 


9:00 am 


64D 


Health Physics Considerat nt 1) \. W ; ' M. 5. W ‘ 

the Argonne 12.5 Bev Zero Gradient Synchrot! “ NY ai 

R. V. Wheeler, Argonne National Lab., I oa oe sie oie 9 | 

Radiation and Contamination Cont: Reade t Hantor 

ments for a Plutonium Processing P Fr. | ‘ , H 
P 0 / it 

W.L. Marter, FE. J. du Por \ 

Savannah River Plant AO Radic Ly { { ul i 
Radiation Protect g 

Safety Performance Testing for Sea vac Cc.™M h @ 2 ( H 

isotope Sources and Dey : P 0 | Was 

P. C. Aebersold, Ph. D. and J. W. Hit [ oA s:o4 pn Calibration of a Fis CGias Monitor 

Energy Commission, Washingt dD. ¢ Ww , | | Seld D : F 

Control of Contamination in High | ( (' VASA, ¢ 

at the Savannah River Laborator 1-OS pm Jadiation Safety ¢ ~ 

R. C. Craft, BE. I. du Po \ Jenct 

Savannah River Plant RWC iW ' og g 

Hazards Associated with Liquid Hydrogen Bul l 

ble Chambers 22 pn Discuss 


Tuesday Afternoon, June 13, 196] 
Session C Hotel Thunderbird, Champagne Room 
MISCELLANEOUS TOPICS IN HEALTH PHYSICS 


Chairman: M. Eisenhud. Professe \ Vorl OO pr Rec 
l nive rsily Vedical Cente ‘ 
Medicine 3:15 pi Che | Nu \ ( { 
aed Pr 
An Experimental Evaluation of Multiple ( 
‘ . _ W 2 \1 ~ 
Arrays and Single Crystal Techniques Wo 
C. E. Miller, Argonne Nat 
Natural Environmental R 1) An | { i 1 
ments in New York Stat trom Thoriu na its 2) r 
W. M. Lowder and A. Shar '. S. Atomic I Purificat t 
Commission, New York, N. J ( Vow 0 hi \ 0 
Fallout Strontium-90 in the Hur | 
a) Ra y Prot \ | v 

ment 
A. R. Schulbert, Lamont G 0 Het 
lumbia University, Palisad \ } I ( \I i 

. : eich 
Sampling Networks for Radioactivit) Ail 
R. H. Goeke, J. G. Baile and A. P. Z D 1:00 pr Criteria for Appro 
of Radiologi« al Health, Pul Health S ; \ R ‘ < ( 
Correlation of Uranium Alpha Surface Conta Lin ts 
nation, Air-Borne Concentration I Uy Gws 
Kixecretion Rates ( 
N. B. Schultz, B. F. Shinn a \ Be 
Carbide Nuclear Co., Oak R ] } 5 ] YScu 

Wednesday Morning, June 14, 1961 
Session A Hotel Riviera, Versailles Room 


INTERNAL EMITTERS Il 
WHOLE BODY COUNTING STUDIES 9:15 an Problen et Determining ZN-65 


Chairman: W. J. Bair. Hlanford Atomic P i Hu 

Operation, Richland, Was/ 7 ; p Bhfe ’ 
Quantitative Measurements of Some G 9-230) The W] Body Countin: Passi Th 
Ray Emitting Radionuclides in Ni | 1 n SI R P (rit I ' 
trial Workers by Whole B Count | ry 2 196 

niques 52.9 1. A T 

F. Swanberg, Jr., Hanford Ator j ( {lon } fame H j Saf dD 
Richland, Wash \ } 7", . ho I Ida} 
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Wednesday Morning Session A Cont. 


O40 4 | Whole-Body Counting of Persons Involved 1O:15 ar Accidental Personnel Exposure to Elemental 
> 0 Incident at the National Reactor S-35 
Test Stat \. R. Maass, Ph. D., T. L. Flanagan, D. Blackbur 
I. Ande m and A. Harbertson, U.S ‘ Pov — Smith, Kline and French Labs., Phila 
Health and Safety D a? el phia a 
Idaho Fa Idaho 10:30 a Pugqfua: An IBM-704 Fortran Code for Deter- 
q ) mining Plutonium Body Burden from Urine 


Assays 


oN P. Lawrence Los Alamos Scientific Lal Los 
BIOASSAY PROBLEMS aeun : 
RG Th mens Ue OD Lovelace 10345 an Studies on Rates of Elimination of Tritium- 
ee Labeled Water In Humans 


Rh. Moore and I R. Buskirk. American National Red 


, ! i Spectrometry for Inhalations ( Washington, D. ¢ 
t-60, Neptunium-237-—Protoactimium 11:00 4 Infant Retention Studies 
Zirconium-95 — Niobium-95 C. P. Straub, Ph. D. and N.C. Telles, M. D., Robert A 
} j / on Ca ‘ \ ea Taft Sanitary Engineering Cente Publu Health 


SN e, ¢ cinnalti, Ohio 
Wednesday Morning, June 14, 1961 
Session B Hotel Thunderbird, Camellia Room 
SURFACE CONTAMINATION AND ENVIRONMENTAL RADIATION MEASUREMENTS 


t/pen, U.S. Naval Radiologica 1O:10 a1 X-Radiation Surveys of Microwave Generators 
\ } neisco. Calif W. P. Knox, M. M. Weiss and J. D. Struther Be 
ta wei ee hone Labs., Whippany, N. J . 
futherits. areal. Biainnd 10:20 Improvements in Air Sampling Techniques and 
Equipment Using Membrane Filters 
Surtuace Contamination 1. Inter K. J. Schincer. T. M. Allen. &. B. Gerber, G. 1 
\I Methods for Measuring * Re Kinsella, F. J. Krupka and D. W. Reilly, Argonne 
( tamination Vational Lab., Lemont, 1 
| Oak R Va 1 10:30 a1 Che Radiation Protection Program for a Large 
Private Utility Power Reactor 
) Rate Instrument for Measur H. Hughes. Dresden Nuclear Po Station. Jo 
Background Radiation Levels 
/ { / 0 O40 Radiation Measurements over Simulated Plan 
= iret 
Safety Progra t Ind FE. J.D Ph. D. and P. W. Reinhardt, Oak R 
< ‘ \ ] Oak Ridge, 7 
I ( \ Yi, 10:5 Results of the “Orphee’ and uridyce”’ 
| eriment 
“ \leasurements as fF. Duhamel, J. Pradel and M. Gras, Commissariat 
Contr f Radioactive Materials I itomique, Saclay, Paris, France 
AK ’ {for } / 11:05 \ Summary of Radiation exposures Received 
f . W orke rs in \Medical Isotope Laboratories and 
(ol erei Available Instru X-ray Departments from 1950-1960 
\ | roumental Med ( K. Spalding and R. F. Cowing, I 
, : I BR ] ) Hos B V 
On lilo 1) SSlon 


Wednesday Afternoon, June 14, 1961 
Session A Hotel Riviera, Versailles Room 
WASTE DISPOSAL 


( P. Straub, Ph. D.. Radiologica 2:25 1 ( uation of the Effective Height of a Plume 
tetinities, Robert A. Taft Sar Mo LeQu Comn rriatl'F pie Atomique, Sa 
{ { ( if) ‘) ‘ } 
Ver ng Desi Caleu ype A i] th Physics Consideration for the Disposa 
\ th Measur { Nonenriched Uranium Chips by Burning 
. y | \lonitorn Hazards i Pla joe ee ee ee ee 
) / 
( } ( idahe I 
a4 1) ISS1O! 
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Wednesday Afternoon Session A Cont. 


2:50 pm Routine Measurements of Ground Water \ 3:55 pm Cesium Exchange Propert of Vermiculite 
ity Using Sulfur-35  : Benches Cink Bi 1 Pah vik 
W. F. Merritt, Atomic I 1, C) Ki Ve 
Ontario 
3:00 pm = Columbia River Continuous Monitor Syst ‘0D pm Processing by Re Radioactive 
T. C. Mehas, Hanfor i IfHuents of Interm | 
Richland, Wash M. ¢ Comn , { 
3:15 pm Discussion its 
3:20 pm Recess 1:20 pm Sigi int Results Low-Level Waste Treat 
3:30 pm ~—— Sodium Attapulgite Clay asa R t \\ nt at Oak Ridge National Laboratory 
Disposal Agent 3 me vs ss 
Fk. Sicilio, N. H. Horton and | LK 
Institute of Technology and the I ‘ M 1:30 pn Strontium Remova Waste Solutio 
Fla ~-_ a. . a 
3:40 pm Mineral Reactions, A New Waste Decont na 
tion Process 1:40 pr Dis 
J. F. Honstead, L. L. Ar L. N 
Atomic Products Operation, | Wash 1:45 p Ady 


Wednesday Afternoon, June 14, 1961 


Session B Hotel Thunderbird, Camellia Room 
DOSIMETRY 
Chairman: W. S. Snuyde Oak Ridge Nat 5:30 pr A) X-R Sources energ Yery 
Lab., Oak Ridge, Ten Stud nthe 10 t 1) | Rang 
Co-Chairman: L. S. Ta Vation B ot RS 4 s 
Standards, Washington, LD. ( iS 4 j \ j \ 
2:15 pm Radiation Yield from Some Bare Crit \ 8450p Scattered Radiatio Large Cobalt-60 ( 
blies Orating sx 
R. H. Ritchie, Ph. D., H. I sa — . 
Anderson, Oak Ridge Nat l ie) / Pe W ri 
2:30 pm Application of Phanto: to St 
Sodium Activation by Ne 
J. A. Auxier, F. W. Sanders and W. S. S D #200 pn \ De er Mod ‘i ae eee 
Oak Ridge National Lal 0) R f of Dos ter | I 
2:45pm <A Casualty Assessment Device for M ring Hh. M. ¢ N Kast? A 
Neutron-Induced Body Activit Roch Vv. 3 
kx. R. Ballinger, M. D., / i. 
Los Alamos, N. M Ble 1M eae 
3:00 pm = Some Convenient Representations ra Ss e Hegherg, 1 ; a 
Neutron Distributions in Air D 
R. L. French, Convair, Fe W } 1:30) Current Develo ‘ ‘ | ‘ 
3:15 pm A Comparison of Some R t t SPx1C the Radiation D eu Associat 
Neutron Transport in Air vith the Lockheed Radiation Effects React 
M. B. Wells, Convair, Fort WV } r R.E.S / } { ( V ( 
Thursday Morning, June 15, 1961 
Session A Hotel Riviera, Versailles Room 
RADIOBIOLOGY AND ECOLOGY 
Chairman: S. P. Hungate, Hanfi 1 te Prod 9:15 an Bioaccumulation f RR t [sot 
ucts Operation, Richland, Was! Herbivorous S I 
Co-Chairman: Hl. V. Larson. IHanfo if S. V. Ka iT. B. D O 
al ( ia / 
Products Ope ration. Richland. Vi / f ' 
9:00 am Modification of Zince-65 Absorpti I eta Q-2 : a rR gis 
30 a1 Reduet f Radioa \] 
Zine 
kK. W. ¢ \\ \ \\ ! a. @ f 
C. R. Richmond, Ph. D. a ro | ) nee I " t Sta ( / / 
Los Alamos Scientific Lab., ] 1 ‘ VJ y “yy, A G 
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Thursday Morning Session A Cont. 


Radiological Surveillance of Total Diets in 
Selected Locations in the United States 

H | Kraybill, ¢ Clavert W M Decker and 
}. ¢ I Pu Health Service, Washington, D. ¢ 
st tium-90 Monitoring at the Savannah Rivet 
Plant 

S. k. Butler, Savannah River Plant, Aiken, S. ¢ 

Deter nation of Strontium-90 in Sea Water 
Ht Commissariat l'Energie Atomique, Saclay 
™ Quantitative Relationship ot tadiation 


Neoplasms in Man 


\ | \ ‘ und I Simpson National Cance Inati- 


10:45 am 


11:00 am 


11:15 


(An Epidemiological Study of the Effects of 
Microwaves on the Lens of the Eye 

M. Zaret, 8S. Cleary and M. Eisenbud, Dept. of 
Ophthalmology and Dept. of Industrial Medicine, Neu 
York Univ. Medical Center, New York, N. Y. 
Dependence of Rate of Recovery from Acute 
Gamma Ray Exposure on Size of the Condition- 
ing Dose 

J. S. Spaulding, Ph. D., T. T. Trujillo and W. L. 
Lestourgeon, Los Alamos Scientific Lab., Los Alamos, 
V. M 

Multivariate Analysis and the IBM 704 Com- 
puter Applied to ABCC Data on Growth of Sur- 
viving Hiroshima Children 

J. C. Nehamias, U. S. Atomic Energy Commission, 


Wash., D. ¢ 


Discussion 


Thursday Morning, June 15, 1961 


Session B 


Hotel Thunderbird, Camellia Room 


MISCELLANEOUS TOPICS IN HEALTH PHYSICS 


( } J. R. Horan Idaho Operations Office 


\ 1/ i / nergy (‘on mission Idaho Falls, 


r (v . Il // Kingsle 4. Sandia Corp 
| e.N.M 
1) t | rwater Maintenance of the GCRI 
\ 1. M. Janis and M. K. Wu, A 
( Idaho Falls, Idaho 
\ t r the Prompt Detection of <Air- 
j Plut 
( K kha Vational Lab., Upton, N. ) 
\s t for Beta Seintillation ¢ ounting 
M i R. N. Donelson, U. S. Nuclea 
\ Method of Measuring the Concentration of 
\ } Au 
WR. Chamy ind J. A. Mohrbacl 


{ ( Dawsonville. Ga 


1O:15 
10:30 
10°45 


11:00 


11:30 


11:45 


An Estimation of Radiation Exposure from 
Fallout 


R. Szepke, Central Laboratory for 
tion, Warsaw, Poland 


Radiological Pro- 


Re CeSS 


Radioactive Contaminants in the Effluent from 
the Brookhaven National Laboratory Air-Cooled 
Reactor 

C. F. Foelix, Brookhaven National Lab., Upton, N. Y 
Health Physics in a State Health Department 

( Ik. Roessler and [ 
Health, Jacksonville, Fla 


Clark, Florida State Board of 


Use of Multi-Channel Analyzers in Health 
Physics Training 
H. F. Steward and C. D. Geilker, Robert A. Taft 


Sanitary Engineering Cente Public Health Service 


Cincinnati, Ohio 
\ Shadow Shield for Whole Body Counting 


W ( Roesch Ph D. and H | Palmer, Hanfo ad 
liomic Products Operation, Richland, Wash 


Discussion 


Adjournment 


Thursday Afternoon, June 15, 1961 


General Session 


Hotel Riviera, Versailles Room 


SYMPOSIUM ON DOSIMETRY 


(/ ! A Z Vo gar P} Db Oak Ridae 
\ Lah., Oak Ridae, Tenn 


tH) 


~ Creneral Remarks on Radiation Dosimetry 
| 1) ind R. H. Ritehie, Ph. D., Oai 
/ 0 Ridge, Tens 
( orimetric Measurement of Local Ab 
1) 
se I I) Ver vf \ } 
} 


19, No. 6 - June, 1961 


1:00 pn 


Pulsé Counters for Gamma Dosimetry 
\ R. Jones fiomic Ene 


Onta 


gu of Canada, Chalk Rive 


Solid State and Luminescence Dosimetry 


I. H. Attix, U. S. Naval Research Lal 
DD. ¢ 


Washingtor 


Developments in Radiation Polymerization 
Dosimetry 

bl. bk. Hoecker, Uni sity of Kansas, La ence, Kansas 
Absorbed Dose and Local Energy Density 

H. H. Rossi, Ph. D., Columbia University, New York 
V. } 


Business Meeting Health Physics Society 
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Friday Morning, June 16, 1961 


SYMPOSIUM ON ROVER PROJECT 


CUTIE-PIE IONIZATION CHAMBER Che H. PS Los A Seventt 
e transistorized l Los A v. J 
© five ranges from O-5,50,500, 

5000 and 50,000 mr/hr. 9:00 an F Heat | 
e designed to leading AEC LAB S. 

specifications. 
FILM BADGE SERVICE 9-25 a Radiation Sate! ey oe ea ee ee 
e all reports prepared automatically of Wiasiees anes er a ae 
© each report form gives “‘total lifetime W Hd 

dose’”’, as well as current, quarterly, Los A 

and annual totals of exposure. 

~ . . . . q).* \ }? | \ | "hy » ] 
e Special service for preparation — KIWI-A-I ALWI-A- I Eaeee 

\I 1 ent Res 


of AEC Form 5 


Write to-day for your copy of Catalog 59, 
which contains suggested Health Physics 
programs for monitoring personnel and en 
vironment in radiation areas 


H. Ss. Jord 1 i 


Friday Morning, June 16, 196] 


Hotel Riviera, Versailles Room 


Have you 


received your SYMPOSIUM ON RADIATION ACCIDENTS 




























FREE : | = 
('n-¢ / ) 
RADIATION Pi 
PROTECTION twa 
I \ 
4 * ( 
GUIDE? i; ') Infl ( ( ()} t 
oi | iT | t () \it 
\ 
M. I | ) | 
H i 
0 Phe 1 . 
tion \ De Crraaff | t Nove ers OH) 
Hi \\ 
The Radiation Protection Guid W 
wall-chart illustratior -_- 
body showing the maxi 20) \Ii \ 
sible dosages to the « \ De ( 
skin, etc., as established by the U.S 
Atomic Energy Commission. To receive 5 I 
your free copy, just dro] card 
stating “R ADIATION PROTE! TION 1) 
GUIDE”. 
1 H \ S| \ 
ry | \\ 0 
VISIT US AT THE Sr 
HEALTH PHYSICS MEETINGIN BOOTH 1 
12:00 Analyt Probl \ th the SI 
NUCLEONIC CORPORATION paysenabagron oe 
OF AMERICA 
196 DEGRAW STREET, BROOKLYN 31, N.Y 9 ’ 1) 
IZ: Zo \ 
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4 
4 
* 
u 


the first portable, “‘desk-top” \ | 400-channel pulse height analyzer 


‘ 

; 

‘ eee 
t 5 

ee 





or eee atl 
— PS a ee 











Mode! 404 
pulse height analyzer 





— the TMC Model 404 


MC Model 404 is the most portable pulse used in sub-groups of two or four; four separate inputs 
e! 1 can own. Take it and use it anywhere. and associated amplifiers; internal pulse routing circuitry; 


pushbutton data transfer and display overlap; very low 


nsistor, printed circuitry and 400-channel 
power requirements and many “system” advantages. And 


ige just over a cubic foot, this analyzer 
to operate on your desk. All the instru- it can be used with the new solid state detectors. 
ran experiment can be carried easily by For readout, use its companion unit, the Model 500 
Decimal Printer; a high speed paper tape punch; strip 
104 has a magnetic core memory that can be chart or X-Y recorders; or an IBM electric typewriter. 


LITERATURE ON REQUEST 


TECHNICAL MEASUREMENT CORPORATION 


r\4 44! WASHINGTON AVENUE NORTH HAVEN. CONNECTICUT 
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Whatever radiation detector electronics system you employ 
Ji nsist on 


WARSHAW SCINTILLATION CRYSTAL 


radiation 
detectors 


at Lf 


M1 


Nal cry 
Cs] cr 
Lilew 
Li'l 


Nal pure 

















Fe US] PURE 





> Anthracene 





; hf Plastic 
ee ee Phosphors 
Mounted wnai(t:) Scintillation fe 

Standard line THE HARSHAW CHEMICAL CO. 


_ CRYSTALS / matched window tine TYtEM TALE iL Amadeo) Te 
Integral line 
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THE NEW SOLUTION 
FOR YOUR PULSE HEIGHT ANALYSIS 
AND COUNTING PROBLEMS 





512 Channel” Pulse Height Transistor Analyzer and Scaler 


See the above instrument in operation with typewriter read out in Booth 4 at the Health Physics 
Meeting and Exhibition, June 12-16, Hotel Riviera, Las Vegas, Nevada. Also on display will be 
Transistorized Scalers, Rate Meters, High Voltage Power Supplies, Fast-Slow Neutron Survey 
Meters, Detectors, including new A.E.C. approved metal thin-wall and end window types, and 
many other instruments for research, training and radiation monitoring. 





iilable with 256 Channel Memory Module 





' ; e RADIATION COUNTER LABORATORIES, INC. 
t Forget! See us at Booth 4 


5121 West Grove, Skokie, Illinois, U.S. A., YOrktown 6-8700 

















1. a. 3. 


Start here for economical, Add cooling for increased Incorporate automatic sample 
room-temperature counting efficiency and precision changing as work load grows 
of C'* and H3 M 
Model 701 
shown with 8250 aler 


New trom Nuclear-Chicago...a tamily of 
liquid scintillation counting systems 


Model 701 is the low-priced ba yste f Model 703's 
workers interested mainly in < t ;, chanaer, it 
bers of samples. Carbon-14 is ted with | tat 
efficiency and tritium with 

efficiency. Model 701 includes component rat 
mon to all three systems: uniquel tive opt 

cell and dual-detector assembly, hig! 
channel pulse-height analyzer, 
dence circuit, and stabilized hig! 
Output signals from this solid-st 
shaped pulses which can feed any standar Sista Eno 
ing instrument. From this point, your researct tional eae 
needs and budget will guide your choice of o; $15,000. Plea 
tions, now and in the future. 


In Model 702, the dual-det 





mounted in a custom-built, prec n-controlled, 
low-temperature chamber pern t / 
counting efficiency for carbon-14 and tritium. Field 
conversion to fully automatic operation requires —_ 
only addition of the sample changer mecha 345 EAST HOWARD AVENUE DES PL/ 
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nuclear-chicago 
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"wa ADVANCED 
>) WARNING 
SYSTEMS 
FOR 
RADIATION 
HAZARDS 


EG&G’'s outstanding reputation for competence in nucleonics is substantiated 
by the highly successful instruments, systems and services shown here. Designed 
to incorporate the very frontiers of the art, they have repeatedly solved industry 
problems under the most demanding conditions. For full technical details, write: 
EG&G, Inc., Dept. AL, Santa Barbara Airport, P. O. Box 98, Goleta, Calif. 


oes, 


175 BROOKLINE AVENUE, BOSTON 15, MASSACHUSETTS « TEL. COPLEY 7-9700 » CABLE: EGGINC, BOSTON; TWX: BS 1099 
WESTERN OPERATIONS: P.O. BOX 1912, LAS VEGAS, NEV. — SANTA BARBARA AIRPORT, P.O. BOX 98, GOLETA, CALIF. 
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MODEL L-64 ROENTGENMETER 


provides an accurate laboratory 
standard for measurement of x-ray 
and gamma radiation over a wide 
range of intensities, dosages and 
energies 


LANDSVERK DOSIMETERS 


for health physics measurements in 
personnel protection/ accumulated 
measurement of x-rays, gamma rays 
and slow neutrons makes possible 
instantaneous reading as well as 
medico-legal records 





MODEL L-75 ANALYSIS UNIT 


used for measurement of alpha and 
beta radiation and fission products 
for quantitative laboratory evalua 
tions/effective educational instru 
ment and convenient for field 
measurements 


The Laudsvere Electrometer Company 


641 SONORA AVE 


*» GLENDALE 1, CALIFORNIA 
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— NEW VERSATILITY IN 
















Now you can count assortments of carbon-14 and tritium samples 
interchangeably without readjusting controls . . . perform double label- 
ing at the true balance point for each isotope . . . or do both. In addition, 
the new Tri-Carb Spectrometer with its expander-amplifier circuitry 
can be used for dual-channel gamma counting merely by adding a well 
detector. This versatility is a Packard exclusive—made possible by two 
separate channels of pulse-height analysis with individually variable 
amplifiers and four adjustable discriminator levels. 


Other features are all-transistorized circuitry and convenient mounting 
of all controls at eye level above the freezer. Width of the instrument 
is reduced to a space-saving 3% feet. 


Three models in various combinations offer a total of nine liquid scintil- 
lation counting systems—refrigerated or non-refrigerated . . . for auto- 
matic or semi-automatic operation. From this selection you can readily 
meet the requirements of your budget and provide for present and 
future needs. You'll get the satisfaction and performance which only a 
Tri-Carb Spectrometer—with its world-wide reputation for accuracy 
and reliability —can provide. Call your Packard representative or write 
for Bulletin AD-1002. 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


BRANCH OFFICES 





PACKARD INSTRUMENT COMPANY, INC. 
LA GRANGE 55, ILLINOIS 


CHICAGO + ALBUQUERQUE + ATLANTA + BOSTON 
LOS ANGELES + NEW YORK + PHILADELPHIA «+ PITTSBURGH 
SAN FRANCISCO + WASHINGTON, D.C. «+ ZURICH + PARIS 


Liquid 
Scintillation 
Counting 


With the 
Packard 
Tri-Carb’ 
Spectrometer 


Visit us at the 
Health Physics 
Society Meeting 
Booth 17 





ridl eliminates the risk 
from nuclear instrumentation 


HEALTH 


To guarantee a winning system, specify RIDL 


instruments for your requirements. 


PHYSICS 
SOCIETY 
MEETING 


There are no losing combinations with RIDL equipment. 


For PROOF visit Booth 25, Health Physics Society Meeting in Las Vegas, 


LAS VEGAS Nevada, and SEE these winning systems. 


The odds are in your favor when you use RIDL Model 34-8 or Model 
34-12 Two Hundred or Four Hundred Channel 
Pulse Height Analyzer Systems. 











Numerous features are 
provided, including: 








64P 


7 


memory subgrouping 
in halves and quadrants 
(octants opt.) 


external programming 
ferrite core memory 
time analyzer mode 
live display on 5” CRT 


crystal controlled 
live timer 





e Address identification 
@ 0.5% linearity 


® prompt and delayed 
coincidence and 
anticoincidence 


® spectrum transfer circuit 
autoprint 


® autorecord 
@ dead time meter 


® auto transfer circuit 


61 EAST NORTH AVENUE e 


RIDL Model 34-12 
and friend 


RIDL Model 44-16 IBM Output 
Writer gives format control 
to allow printed address at 
operator’s option. Program- 
ming of the unit includes auto- 
matic carriage returns and 
paper advance before each 
data run. This insures spacing 
of data and eliminates the 


need for manual positioning. 


PHONE: MUrray 1-2323 © Cable Address: RADILAB 
June, 1961 - NUCLEONICS 


Radiation J Devel oh y 
Sadialion Jnstrument eve opment aboratory, STne. 


NORTHLAKE, ILLINOIS 


LOCATION OF EXHIBITS 





36 | 35 | 34] 33 


lounge 





37A 


20 




















40 


4| | 2 3 























wai ol 30 | 29 | 28 | 27 | 26 | lounge 
22 | 23 | 24] 25 | _¢ 
13 12 VI 10 
main 
entrance 
4 from 5 6 7 8 9 | lounge 
hotel lobby 





















































INDEX OF EXH 


Pergamon Press 

2 Nuclear Engineering Co., Inc. 

3. Harshaw Chemical Co. 

4 Radiation Counter Laboratories, Inc. 
The Landsverk Electrometer Co. 


6 Anton Electronic Laboratories Inc. 

7 USAF Medical Service 

8 Oak Ridge National Laboratory 

9 Public Health Service 

10 Nucleonic Corporation of America 

11 Encyclopedia Britannica 
12,13  Eberline Instrument Corp. 

] Technical Associates 

15 Technical Measurement Corp. 

16 Controls for Radiation, Inc. 

17. Packard Instrument Co., Inc. 
18.19 The Victoreen Instrument Co. 

20 Bendix Corp. 

21 Atomic Accessories, Inc. 

Alderson Research Laboratories, Inc. 
Bendix Corp. 

22,23 + Tracerlab Inc. 

24 EMI US Ltd. 

Fairbanks, Morse & Co. 
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25 
26 
28 
29 
30 
31 
32 
33 
34 
35 
36 


27, 


37 


37A 
38, 39 
40 


4] 


Nuclear Measurements Corp. 
Sandia Corp. 
Nuclear-Chicago Corp. 
U. S. Nuclear Corp. 
Snyder Manufacturing Co., Inc. 
Nuclear Industries, Inc. 
X-Ray Monitoring Corp. 
Nuclear Corporation of America 
Sharp Laboratories, Inc. 
Lockheed Nuclear Products 
Radiation Instrument Development Laboratory, 
Inc. 
Charles W. Fowler Co. 
CBS Laboratories 
Kaman Nuclear 
National Radiac Inc. 
Ray Proof Corp. 
Reuter-Stokes Electronic Components, Inc. 
Victoreen Instrument Co. 
Encyclopedia Americana 
U. S. Atomic Energy Commission 
G. French Co. 
J. T. Hill Co. 
Edgerton, Germeshausen & Grier, Inc. 
Los Alamos Scientific Laboratory 
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second 
detection 














FAIRBANKS MORSE RADIATION MONITORS — 


EE Cats NOIN CSS IASON 
..NEW DIMENSIONS IN ELECTRONIC DEVICES 








F-M CLOSED 
CIRCUIT TV 


NEW 
"EYES" 
FOR 
SCIENCE 
AND 
INDUSTRY 





The F-M 650 line horizontal resolution 
provides pin-point picture detail in 
regular-size cameras. It is ideal for 

irveillance in inaccessible locations 


for use with radioactive materials 
lor and Infra-Red Closed Circuit 


TV are also available for use where 
black and white TV is inadequate. For 
further information on F-M Radiation 


tors 


v t 1 Circuit TV, write 
Nucleonics, Dept.; Electronics Divi- 
sion; Fairbanks, Morse & Co.; 100 


Electra Lane, Yonkers, N.Y. 


or Close 











FAIRBANKS WHITNEY 


POPP Ree PEPER REE ER EERE REE EERE REED 


° 
. . 
. . 

. 
> Nucleonics Dept., Electronics Division .« 
$ Fairbanks, Morse & Co., “ 
* 100 Electra Lane, East Station, ° 
* Yonkers, New York 4 
a . 
e Gentieme Please send full information on e 
. Electronics equipment checked below: . 
; Closed Circuit TV Radiation Monitors $ 
. Automat Weighing and Proportioning . 
* Equipment e 
> . 
. . 

. ° . 
* Name “ 
. . 
. 7 
2 Company - . 
. . 
“4 Address — > 

. ° . 
a e 
e City State = . 
. . 
a . 
. . 
- . 
Peeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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Alderson Research 


Laboratories 21. 


48-14 33rd St. 
Long Island City 1, N. Y. 


Radiation-equivalent manikins, (REMAB) 


Anton Electronic 


Laboratories Inc. 6 


1226 Flushing Ave. 
Brooklyn 37, N. Y. 


Radiation-detection equipment, portable sur- 
vey meters, doorway monitors and air-parti- 
cle monitors. 


See advertisement in this program, Page W 


Atomic Accessories, Inc. 21 
811 West Merrick Rd. 
Valley Stream, N. Y. 


Alpha, beta and gamma survey meters, fast- 
neutron survey monitors, laboratory monitors, 
manikins 


dosimeters, radiation-equivalent 


(REMAB), warning signs, labels and tags. 


Bendix Corp. 20, 21 
Cincinnati Division 
3130 Wasson Rd. 


Cincinnati 8, Ohio 


Radiological assay unit and various dosim- 


eters 


CBS Laboratories 37 
High Ridge Rd 
Stamford, Conn 


Controls for 

Radiation, Inc. 16 
130 Alewife Brook Parkway 

Cambridge 40, Mass 


Health Physics Services 


See advertisement in this program, Page V 


Eberline Instrument Corp. 12, 13 
805 Early St., P. O. Box 279 


Sante Fe, N. M. 


Alpha hand monitor, continuous air monitor, 
battery charger, carrying case, beta-gamma 
survey meter, emergency monitoring kit, fast 
neutron counter, gamma dose-rate meter, in 
proportional detector, cir and gas 
proportional alpha counters, large-area gas- 


ternal 


flow proportional detector, pulse counter, 
plutonium gamma probe, radiation monitors, 
sample holder assembly, versatile air sam 


pler and wound monitor. 


Edgerton, Germeshausen 

& Grier, Inc. 40 
160 Brookline Ave. 

Boston 15, Mass. 


Radiation-measurement instrumentation, trav- 
elling-wave oscilloscopes, underwater engi- 
neering tubes, 
diodes and pulse generators 


services, flash thyratrons, 


See advertisement in this program, Page M 





write for catalogs and quotations 



























RELIABLE 
SOURCE 


for 


all 
RADSAFE 


SERVICES & EQUIPMENT 










including 


HEALTH PHYSICS CONSULTING 
LOW LEVEL COUNTING 

LEAK TESTING OF SOURCES 
BIOASSAY 

PLANT SURVEY 
DECONTAMINATION 

FILM BADGE 

TRAINING COURSES 
ENVIRONMENTAL SURVEYS 
EFFLUENT ANALYSES 

WASTE DISPOSAL 

ALPHA, BETA, GAMMA & 
NEUTRON MONITORS 

AIR SAMPLERS 

ALPHA, BETA, GAMMA & 
NEUTRON CALIBRATION SOURCES 









Industrial and research 
radioactive sources 

& associated 

tracers and equipment 
are also offered. 





. BOX 208 
| BURBANK e CALIFORNIA 
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NEW MODEL | 
SURVEY METERS 


offer important features 
for Health Physicists! 














New Model 7 JUNO 
is DEPENDABLE even under 
high humidity conditions 


The Model 7 Juno is T/A’s new improved 
version of the original Hanford instru 
ment. It measures and distinguishes be 
tween alpha, beta, and gamma radiation 
The new Juno features a hermetically 
sealed switch box and desiccant cartridge 
thus insuring high efficiency performance 
under adverse humidity conditions. Addi 
tional features include a high impedance 
circuit, a large open-face meter, and a 
new 800-hour removable battery pack 


WRITE FOR BULLETIN NO. 180 





New Model CP-3 CUTIE PIE 


has built-in alpha and 
beta absorption filters! 


This portable survey meter has 3 full 
scale ranges of 50, 500, and 5000 mr/hr 
and is especially useful in detecting alpha 
beta, or gamma radiation in such inacces 
sible spots as corners, behind pipes, et 
It incorporates new circuitry, plus a bat 
tery pack with 800 hours of operating life 


WRITE FOR BULLETIN NO. 165 


SEE US AT BOOTH NO. 14 


TECHNICAL ASSOCIATES 


140 WEST PROVIDENCIA AVE. 
BURBANK, CALIFORNIA 
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EMI/US LTD. 

Electron Tube Division 
1750 N. Vine St 

28, Calif 


24 


Los Angeles 


Photomultiplier tubes, Geiger Mueller tubes 


specialized cathode ray tubes, corona stabi 


lizer tubes and a portable contamination 
radiation monitor (alpha and beta simul 
taneously) 

Encyclopedia Americana 37A 
575 Lexington Ave 

New York 22, N. Y 

Encyclopedia Americana 

Encyclopedia Britannica 11 
2860 Wightman St 

San Diego, Calif 

Encyclopedia Britannica 

Fairbanks, Morse & Co. 24 
600 So. Michiaan Ave 

Chicago 5 

Closed-cir t television 

See advertisement in this program, Pages 
R and §$ 


Charles W. Fowler Co. 37 


429 So. Western Ave 
Los Angeles 5, Calif 
Products of: CBS Laboratories, Kaman Nu 


National Radiac Inc., Ray Proof Corp 


crear 
Reuter-Stokes Components Inc 


Co 


Electronic 


and Victoreen Instrument 


G. French Co. 40 


7900 Zuni Rd., S. E 


Albuquerque, N. M 

Products of Edgerton, Germeshausen & Grier 
Inc nciuding: radiation-measurement instru 
mentation travelling-wave oscilloscope 
nderwater engineering services, flash tube 
thyratrons, diodes and pulse generator 
Harshaw Chemical Co 3 
1945 East 97 

Cleveland 6. Ohio 

Complete ne of scintillation phosphor 
world argest sodium-iodide crystal, spectra 


otopes televised from mult 


24-in 


from vario 


closed-circuit TV 


channel analyzer on 


ystem and optical crystals 


See advertisement in this program, Page J 


J. T. Hill Co. 40 


420 S. Pine St 


San Gabrie Calif 


sen & Grier 


ement instru 


Products of Edgerton, Germeshau 


Inc. including: radiation-measur 
oscilloscopes 
flash tubes 


aenerator 


mentatior travelling wave 


nderwater engineering services 


and pulse 


thyratron 


37 


Kaman Nuclear 


Colorado Springs, Colo. 


The Landsverk 
Electrometer Co. 5 
641 


Glendale | 


Sonora Ave 


Dosimeters, pocket chambers and ros 
meters 


See advertisement in this program, Page N 


Lockheed Nuclear Products 35 


Dawsonville, Ga 


pile aynan te oops refrigeratio y 


ation ang rem 


Los Alamos Scientific 


Laboratory 41 
Office of Pub and Employee Relatior 

P. O. Box 1663 

Los Alamos, N. M 

Model of Kiwi reactor and Jackass Fiat t 
facility, Rover program colored photograpt 
Plastic mon howing dosimetry set-up for 
Kiwi test and display of equipment used for 
technical safety vestigations if onnection 
with the LASL Rover program 


National Radiac Inc. 37 


475 Washinaton Ave 


Newark, N 


Nuclear-Chicago Corp. 27, 28 


i333 Howard 


Des Plaine 


Radioactivity and mea 
rumentation 


See advertisement in this program, Page L 


Nuclear Corporation 


of America 
ie 


33 


Radiation monito } equipment 


See advertisement in this program, Page W 


Nuclear Engineering 


Co., Inc. 2 
65 Ray St., P ) Box 218 
v into 
ompiet rad protectio r 
Jing olle pro nq and JiSE 
of radioactive tox 3 hazardo w te 
and a complete e of instruments, pr 
tive othing and equipment for the 
field 


Nuclear Industries, Inc. 31 


Holland Co 


Valley Stream 


N 2ar inst highlighting portable 
t storized prod for field application 
nciuding a advanced scaler and a complete 
pectromet y ste 
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Nuclear Measurements Corp. 2 
2460 N 


Arlington Ave 


Indianapolis 18, Indiana 


Radiation monitoring equipment 


See advertisement in this program, Page V 


Nucleonic Corporation 
of America 10 


i klyr N 


Film badae don ear 


nstrumentation 


See advertisement in this program, Page H 


Oak Ridge National 


Laboratory 8 
F Box X 

k Ridae 
Type d production of isotopes, including 


packing and 
r ’ at the more than 90 


ship 
different radio 


sble from the laboratory 


Packard Instrument 
Co., Inc 17 


Box 428 


pment 


< sement in this program Page ° 


ee advert 


Pergamon Press, Inc. 1 


published 
Commission of 


- entifi books and 
Public Health Service 9 
y ‘ R idiole } fal Health 

t e that the benefits of 

tweigh potential risks Exhibit 

mechanism for accomplishing 

through a concerted program 

ssment control and 

put exposure to ionizing 

Featured also are the basic ele 
f ompret ve radiological health 


summary of state 


Radiation Counter 

Laboratories, Inc. 4 
as - eeak ee 

Skokie 


Dp e height transistor analyzer 


nel aler ountina instruments 


See advertisement in this program, Page K 
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NO INTERPRETATION 









NEEDED! 










ONE LOOK 


SHOWS YOU 
WHETHER YOU ARE 
CONTAMINATED 
...and WHERE! 





— 


~~... 






READY FOR Use 


\__ COUNTER IN OPERATION inte 


{ Coreen 


GIT 


DECONTAMINATION REQUIRED 


a 


INCOMPLETE na 
ANO RePcay | [ omens rons 











ONLY T/A HAND & SHOE MONITORS 
offer this outstanding feature! 


MODEL HSM-10A provides completely automatic detection 
and measurement of beta-gamma contamination on the 
back and palm of each hand and the bottom surfaces of 
both shoes. No skill is required in its operation 


GREATER ALARM SENSITIVITY. The Model HSM-10A em- 
ploys the decade scaling principle and offers new lower 
warning levels adjustable from 10 to 190 counts with 
variable time settings from 1 to 120 seconds. An external 
clothing probe with rate meter read-out and speaker is 
included 


WRITE FOR BULLETIN NO. 167 


ptucther T/A exclusive... 


= |e 


"| locate contamination QUICKLY! 


MODEL PPN-8 provides a quick efficient 
method of “head to toe” monitoring of 
personne! entering or leaving a con- 
trolled area. It features red warning 
lights, one at each of the 8 detectors, 
which enable the user to localize quickly 
the area of beta/gamma contamination. 








WRITE FOR BULLETIN NO. 168 


LIM-18 LAUNDRY INSPECTION MONITOR 


A specially designed instrument for monitoring clothing and equipment worn in 


beta/gamma contaminated areas. 180 
each detector increases 
the sensitivity of 

the instrument 


lead shielding around 






WRITE FOR 


qa 





140 WEST PROVIDENCIA AVENUE e 





R Warning Lights on T/A PORTAL MONITOR 


See us at Booth No. 14 


TECHNICAL ASSOCIATES 


BURBANK, CALIFORNIA 





180° lead shielding 
around each detector 
minimizes the 
background count. 


BULLETIN NO. 168 
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FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long half-life emitters 


AM-33R $6,580.00 
Others from $1,445.00 





Y ALARM SYSTEM 


This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 





EE co <a cum <uus aun 


Proportional 
Counting Systems 











PC-3A 
$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 





Y Spectremeter 


GSS-1 $4,180.00 

(Complete System) 
The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.0.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 





Nuclear Measurements Corp. 


INDIANAPOLIS 


2460 N. Arlington ¢ Indianapolis 18, Indiana 
International Office 13 E. 40th St., New York 16, N.Y 
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Radiation Instrument 
Development Laboratory, Inc. 
61 East North Ave 

Northlake, Ill 


36 


Pulse height analyzer and accessories 


See advertisement in this program, Page P 


Ray-Proof Corp. 37 
843 Canal St 


Stamford, Conn 


Reuter-Stokes Electronic 


Components, Inc. 
2149 Hamilton Ave 
Ohio 
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Cleveland 14 


Sandia Corp. 26 


Sandia Base 
Albuquerque, N. M 


Corporate activities of Sandia 


Sharp Laboratories, Inc. 34 
Box 1302 


La Jolla, Calif 


LOWBETA counting LOWBETA 
MATIC counting system, GAMMAMATIC sam 


system and 


ple changer and ultra thin windows 


See advertisement in this program, Page W 


Snyder Manufacturing 


Co., Inc. 30 
1458 Fifth St., P. O. Box 464 

New Philadelphia, Ohio 

Protective clothing: air supplied suits, cover 
alls, shoe covers, hoods, lead-loaded smocks 
nylon-paper clothing; manipulator sleeves 
and dry boxes 

Technical Associates 14 
150 West Providencia Ave 

Burbank, Calif 

Hand and shoe monitor, portal monitor 
automatic sample changer, count rate meter 
decade scaler, lead shield, scintillation de 
tector, Juno survey meter and Cutie Pie 


survey meter 


See advertisement in this program, Pages 
T and U 

Technical Measurement Corp. 15 
441 Washington Ave 

North Haven, Conn 

Model CN-110 pulse analyzer system ut 
lizes @ magnetic core memory and has a 


65,535 count capacity for each channel 
MODEL 404, 400-channel pulse-height ana 
lyzer operates on ~25 watts and can be 
driven from 12-volt battery supply. Addi 
tional nuclear physics equipment such as 
scalers, high voltage supplies and linear 


amplifiers 


See advertisement in this program, Page | 





RADIATION 
PROTECTION 





FIDO 
Pocket Size Dose—Rate 


Alarm 

Loud Signal—Audible over 100 
yards away. Responds from. be- 
low 50Omr/hr to above 10° mr/hr 


Adjustable 


solid-state 


Saturation 
level. Unique 


sensing eleme 


without 
trigger 


“nt 
il 


Film Badge Service 





} Ihe only film-badge 
service offering the 

| following combina 
tion of valuable tea 

tures cumulative 

‘ 13 week and innual 
data reports; microfilming of an 
nual data report for safe perma- 
nent storage; extreme inherent 
SENSITIVITY tamper-proof Dadge 


combination security-photo and film 


badge; single holder for neutron 
and beta-gamma-x film packets 
ring and t type badges also 
available 

Urinalyses 


[he most comprehensive urinalysis 
| 


service commercially available, 


including 


inalyses Tor 


Total and enriched uranium 


Fission products Plutonium 
Thorium Tritium 
Gross alpha Net Beta 
Strontium Beryllium 
Environmental 


Radioactivity Surveys 


Collection and radioanalysis of en 
vironmental and biological samples 
and /o1 


for gross activities specific 


nuclides in 


Vegetation and milk 
Air particulates Silt and soil 
Small animals Fish and algae 
River and lake water 
These free brochures 
V-1 Radiation Hazards Protection Program 
V-2 ipplied Nuclear Rese and Radio 
analytical Services 
‘-3 Film B Service 
\-4 Bio-ass for Hazard Control 
N.S 


Environmental Radioactivity 


are avdilable 


arch 





Surveys 


Overseas inquiries invited. 


rerebela aed i. 
for 
or: tebt- hated oe 


ine 
130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS. 


CON -RAD 


June, 1961 - NUCLEONICS 











trom any angle... 











NUCOR'S CS-40A “CUTIE PIE” 
IS THE BEST GAMMA SURVEY METER 


and here's why! 


e TRANSISTORIZATION insures trouble free operation and requires a battery comple- 
t obtainable mercury cell providing an operational life in 


irements at the personnel exposure level and 


* EXTREMELY WIDE RANGE 
k 


1] s‘“ ile 


$0 mr/hour full scale 


$00 mr/hour full scale 
R he ful | 
R ‘he ful ile 
*ENERGY RESPONSE t over the range of 30 Kev. to 2 Mev. and permits X-ray 
Ay ts of all ty] 
* ZERO CONTROL e: the instrument to be zeroed while in a radiation field 
* HUMIDITY RESISTANT operation is obtained by means of a desiccated, moisture tight > 
ul look at it the new CS-40A is a must for any laboratory. a we 
| vailable from the Technical Services Department. 


& Instrument & Control Division ; 
NU ) R ) NUCLEAR CORPORATION OF AMERICA % 
DENVILLE, NEW JERSEY 





LOW 
DETECTION SYSTEMS 


LEVEL 4% AVAILABLE FROM LIONEL/ANTON’ 


SYSTEMS i | 
g 5d PORTAL 
" “CHECK-OUT” 
See the amazing Sharp 4 MONITORS 
Laboratories’ LowBETA e ‘ “Head-to-toe” b, y monitored 


jan ne | exiting. Effective rapid portal 


POU 
teh 








Ne Sees os es AIR PARTICLE MONITORS monitor offers eight individual 

play in booth 34 at the Portable and rack mounted a, b,¥ air particle alarm channels. Complete with 
monitoring units. Moving paper and fixed paper in long-lived, thin-walled Lionel 

Health Physics Society struments available. Produced to latest AEC and Anton halogen quenched stain- 
military specifications. less steel detectors. 


meeting and exhibition, 


Riviera Hotel, Las Vegas, ) PORTABLE TRANSISTORIZED , ® 
June 13 through June 16 eo sesemaiaen taanaae ZA 4 


C=. W ALPHA, BETA, GAMMA AND NEUTRON DETECTORS 








Available with beta-gamma probe, headset, carry- More than 100 types of detectors covering the 

ing-strap, batteries (standard flashlight “D’’ cells) entire range of nuclear radiation . . . unique con- 

and complete manual, Type 700. Also available as figuration and “‘special application” devices. The 

LABORATORIES, INC. above with interchangeable end-mica window Lionel /Anton Neutron Detector Catalog and the 

Box 1302, La Jolla, California alpha, beta, gamma probe in place of standard Lionel /Anton a, b, y Detector Catalog belongs in 
Phone GLencourt 9-321] probe, Type 701. your radiation facility reference file. 





Represented by Baird Atomic: 
tact the nearest Baird office 


ther particulars LIONEL ELECTRONIC LABORATORIES | 


FORMERLY ANTON ELECTRONIC LABORATORIES, INC. / 1226 FI \ 
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DOES YOUR COMPANY 
HAVE A MARKET IN THE 
NUCLEAR INDUSTRY? 
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Then it should be listed in the 1961-62 annual 
November NUCLEONICS Buyers’ Guide to 
nuclear products, materials and services. Free 
listings in the Buyers’ Guide are based on ques- 
tionnaires sent to companies by NUCLEONICS. 


If you did not receive a questionnaire in 1960, 


then write today to 


BUYERS’ GUIDE MANAGER 


UCLEONICS 


330 WES 2NO STREE YEW YORK 36, NEW YORK 


giving the company address and the name and 
title of the person who can best categorize the 
products and their nuclear applications for 
your company. 


=e & 





Tracerlab, Inc. 
2030 Wright Ave 
Richmond 3, Calif 





Continuous monitoring systems for radio 
active effluents ncluding combination par 
ticulate gas monitoring systems, area moni 
toring systems, fixed filter particulate mon 

tors and various components of liquid and 
water monitoring systems. Also on display 
will be Health Physics and Technical Services 
capabilities, and laboratory counting instr 


mentation 


See advertisement in this program facing 
Page A 


USAF Medical Service ag 


USAF Radiological Health Laboratory 
Wright-Patterson Air Force Base, Ohio 


Current work being performed by the USAF 
Radiological Health Laboratory and the 
services available in the film dosimetry, nex 


tron dosimetry and bioassay areas 


U. S. Atomic Energy 
Commission 38, 39 
Educational Services Branch 


Washington 25, D. C 


AEC technical information on nuclear prod 


ucts and service for science and industry 


U. S. Nuclear Corp. 29 


P. O. Box 208, 801 N. Lake St 

Burbank, Calif 

Env ronment ey low -leve ount 
bioassay, filr badae training course 
rosion and fi on product analysis startup 


nalysis, decontomination, plant and effluer 
y or Iting & responsibility 
and waste disposc 


See advertisement in this program, Page S$ 


Victoreen 
Instrument Co 18, 19, 37 
5806 Hough Ave 


veland, OF 


Cle 


Model ST-200D transistorized multi-char 
analyzer featuring dual input, different 
data accumulatior magnetic core memory 
and associated reacgout units low-eneray 


survey meter featuring vibrating-cart 


pacitor design, energy dependence +15° 
from 6.5 kev to 1.2 Mev, beta-gamma dosirn 
eters, area and reactor-monitoring system 
direct and indirect reading dosimeters 


chargers and portable survey meters 


See advertisement in this program, Back Cover 


X-Ray Monitoring Corp. 32 
43 West 61st St 
New York 23, N. Y 


Film badges, health physics services, new 
device for the radiographic identification of 


dosimeter film 
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Gamma Compensated lon Chamber Uncompensated lon Chamber Proportional Counter Miniature In-Core lon Chamber 


'ST-Yal-)e-1 ie ml (load fommal-1eh igo] aMmel-)<-lead(e]ammoial-laalel—1a-mm- la — 
re l--j le] al-te Mme l-\v4-1he) ello m-Ualomolelii ao) ’mtal—maal-lalenr-loidelg—la—) 
of complete reactor systems. They have been 
o)ge).-1a Ma alme) ol-1a-Ndlale Mig -1-Coicola-Mn ial ge)eloialelehandal—mauZelaler 
Vs"suhc-tnce)mmel-1e-Ull-Mcelot-\\foal@l-lal-le-1 il mt (fonda [oul @volanlel-lah\s 
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NUCLEAR ELECTRONIC PRODUCT SECTION 


GENERAL (6) ELECTRIC 


SAN JOSE, CALIFORNIA 
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Microwaves in New Detector _ 
Measure Thermal-Neutron Flux 


By PRICE D. WICKERSHAM * and LYDICK T. OSTWALD, | Ramo-V ooldridae Denver. ¢ olore 







































One way to measure thermal-neutron How We Measure Flux Waveguide. The sensitive part of 
flux is to let neutrons ionize gas in a the breadboard system is the 24-in. 
waveguide and then observe the result- We first subject a length of wave- waveguide that contains a Pyrex ¢ up- 
ing phase shift and attenuation in the guide containing a neutron-reactive cule filled with gas that reacts with 
microwaves passing through the guid gas and mounted on a breadboard to neutrons. We filled the Pyrex capsule 
These changes indicate neutron flux. the flux (1 Neutrons pass into the rather than th wveguide with th 
We have tested this principle both gas and ionize it; this ionization then vas so that we would reduc experi- 
analytically and experimentally with a produces proportionate changes in the mental difficulties with excessive gas 
breadboard model to see if a neutron complex dielectric constant of the contamination. During the experi 
detector based on the theory would be waveguide interior and, therefore, a ments we placed the straight part. of 
an improvement over standard ion- measurable attenuation and phase the waveguide containing the gas cap 
chamber methods in speed of response, — shift in the propagated electromagneti sule a few inches from the f the 
ambient temperature operation, cost wave. The change in microwave prop- reactor core so that it would r a 
and detector geometry. Although our  agation gives ambient neutron flux. irge neutron flux. We then pa 
investigations were limited to an initial] Breadboard. To check our tech- i-kme ‘sec microwave signal modulated 
determination of the problems, the re- nique and determine any necessary at | ke sec through the waveguide at a 
sults show that the neutron detector changes in design or fabrication that power level of ~0.1 Mw (Fig. 2 
not only withstands large temperatures, — would give more practical performance Cont 
but also has a very fast response. To yo ran our breadboard model os . 
increase the sensitivity of the detector, — the series of tests in the Curtiss-Wright 
however, we find that we must use a j_\Jy swimming-pool reactor (Figs. | 
relatively pure gas because detector .)) a (0) Siew the benadinesd ise , 
performance depends on the ratio gas nresonant. wave nT ir OEE 
pressure to contaminant content. in which attenuation is the prime meas 
* PRESENT ADDRESS: Dit-Mco, I: ired variable. it overcomes the limita 
gt roti seroma Ball Brothers Re- 00S Of resonant cavities that produ 
search, Boulder, Colorado. frequeney shifts and mode changes 
~ Calibrated | r \ Reflected 
signal source | ; ' ie © ame \.) power 
r ch srystal fe) -3db . 
c “ood Te PM hersoeth 
HH 4 =  . | 
db attenuator coupler 
= — , 6 stheater 
Ft ian 
t Dg “ | 
Slotted = Pressure 
line He l} windows 
Null Instrument vi of [| pu 
meter control center A— 2 ft 
+t Pyrex gas Li : . 
| aaa capsule = 
Reactor core 5 ee vo mune} ; 
region waveguide ‘ m 

















FIG. 1. BREADBOARD MODEL contains waveguide with gas-filled capsule. When FIG.2. WAVEGUIDE was tested in Curtiss- 
neutrons react with gas, phase shift and attenuation in microwaves passing through Wright 1-Mw swimming-pool reactor to 
waveguide indicate neutron flux check operation and theory of detector 
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Two-stage JOY Axivane Fans provide lower vessel 
ventilation at Enrico Fermi Atomic Power Plant 


A special two-stage Joy Axivane Fan circulates the 
enclosed nitrogen atmosphere which provides lower 
vessel cooling for the world’s largest fast neutron 
breeder reactor. Rated at 100,000 KW, the Enrico 
Fermi plant built by Power Reactor Development 
Company and The Detroit Edison Company will be 
among the largest atomic power plants in operation. 
In addition to handling the critical lower vessel cool- 
ing, Joy also provided the heavy duty fan for dilution 
of stack gas. 

Joy Axivane Fans are ruggedly built to meet the 


most demanding service requirements. Power con- 
sumption is held to a minimum, because Joy Axivane 
Fans have adjustable pitch blades which can be set for 
any desired volume of air over a wide range. Drive 
motors can always be operated at their most efficient 
speed. To conserve space and cut installation costs, 
these fans can be mounted directly in the duct— 
motors are integral. V-Belt drive is available if desired. 

Whenever you need heavy duty, economical venti- 
lation fans, consult your Joy representative. For com- 
plete information on Joy fans, write for Bulletin 2549-92. 








AIR MOVING EQUIPMENT FOR ALL INDUSTRY 





T) OD = RES ~S\ Joy Manufacturing Company 
> 4 ~~ r 4 ‘ } 
LB 41 1 Dr La ) . oauas P 
ie aA oS if 4, {oe | r Building, Pittsburgh 22, Pa. 
rit ey ey rah Ai = ones ne =<. ip O Oliver B g, g , 
Cis — \ £ NY : ° 
Reciprocating Single Stage Multi-Stage Axial ~ Fans and In Canada: Joy Manufacturing Company 
Compressors Centrifugal Centrifugal Compressors Blowers (Canada) Limited, Galt, Ontario 
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QuiK-Konnect 





PLUGS AND JACKS 


New Honeywell QuiK-Konnect Plug and 
Jack Assemblies provide fast, fool- 
proof connection of thermocouples to 
extension wire, and thermocouple ex 
tension wire to instruments. Inserts of 
different diameter positive and negative 
poles insure correct polarity every time 
inserts are easily removed for field 
calibration change or replacement, and 
can be furnished in different metals to 
match thermocouple alloy. Honeywe 

Quik-Konnect Accessories include iden 

tos, cable clamps, and tube adapters 





Get complete details from your nearby 
Honeywell field engineer, or write today 
for Specification Sheet FS 005 
Minneapolis-Honeywell, Wayne and 
Windrim Avenues, Philadelphia 44, 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
Fiat wn Coutool 


Since 1666 


68 


Microwaves Measure Flux his « 


Gas forcapsule. As the gas for our 


experime 


cause t 


1 
I 


ita 


is 


| detector we chose He? be- 
nontoxic and cannot be 
inated with electronega 
When neutrons react with 


pressure [He* (n,p)H 
triton and secondat 

~2.8 and 4.1 cm respe 
these distances are simi 
etiona limensions ¢ 
eguldes 1 reduction in gus 


reduce lonization rates 


Theory Versus Experiment 


mental curve 
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FIG 3 PERFORMANCE CURVES Calculated curves (sol 


dotted) show results of our work 


1) compared with experi 
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FIG. 4. MICROWAVE ATTENUATION change with flux. Detector performance depends 
jyreatly on rat f pressure to contaminant, P/C 


A New Multiplier 
Curve Calculations cients, “et ver, 1 8 Tum on of the Phototube for 
mean electron energy and the gas pres 
High Temperature 


egulde propa- sure (3 Chamber geometry is con- 
ted analyti tained in the Laplacian operator, which Operation 

itron flux b Is replaced by appropriate partial dif 
tron densit ferentials depending on the coordinates Type 9607B. This 2” diam. soda glass 
4] , und boundary ssomets rt ‘ tube has been designed to work over 

the co qd boundary geome oO he system 
ee : a wide range of temperatures with very 

rowan Che recombination rate of free elee 


low dark current, making it suitable for 
trons with positive ions is expressed b 
, such applications as bore hole logging 








trol I ? T s loss rocess. wl lo} ' e . 
feubusbis a Phis | pr which depend It can operate quite happily at 150 
t of the on the nearly equal electron and posi- Centigrade. The end window semi- 
tive-ion densities, is proportional to transparent photocathode is of the 
4 the square of the electron density multi-alkali type, and the 11-stage 
\ Hy Measured values of a, the recombina- Venetian blind dynodes are coated 
—~ tion coefficient in pure gas, are 10 with Ag Mg 0 secondary emitting 
r. is ion pail 10-*/see (4) material. 
) bipolar diffu- If a small amount of irgon is added 
bi to very pure helium, the effective vol- 
- det apap es -_ ; TYPICAL CHARACTERISTICS 
H] ele ume recombination rate is lowered for 
t r babil- ele trons in the he lum Argon is not 
‘ | ! Overall sensitivity. 25 A/L at 3000 volts. 
tta considered an impurity because it does 
t ollision not contribute to the loss or depletion Dark current at 150° C. 5 x 10°* A approx. 
ire of tree electrons). This effect may | Cathode diam. 44 mm. min. 
result because additional electrons are 
tr } Bulb diam. 51.5 mm. max. 
tron-lon produced by ionization of argon 
ident ther- The summation term in the equation Overall length. 155 mm. max. 











ol gives the rate at which electrons are 


bergasand lost by attachment to individual elec- EMI ELECTRONICS LTD 
luced by tronegative gases in the chamber gas VALVE DIVISION 


articles. This loss depends on the probability of | gayas + MIDDLESEX + ENGLAND 
tion of the type of — attachment per electron-molecule colli- , 
: 3 Distributors in U.S 
Sul nd the sion and the density of electrons. Th EMI/US Limited 
n collision frequency, v., depends on gas 1750 N. Vine Street, 
| t! recoil pressure and the fraction of cont imi- lee Aagane ay So 
gas nant present 
diffusive flow The probability that free electrons 
ity con- will become attached to molecular ions 
ts ol mobil- varies considerably as a function of the 
ization prod- mean electron energy Oxygen and 
D, for elec- water are two typical molecular con- 
60 cm?/sec at a taminants that have large attachme nt 
Hg; this coeffi coefficients and are likely to contami- 
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® Patent Nos. 2,871,450 and 2,967,2 
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MODEL 2547 


WITHOUT ELECTRICAL CONTACTS provides contin- 
uous output signal past selected contro! setting, 
with uninterrupted, accurate full-scale indication 
at all times. No electrical contacts at control 
point, so no control-point problems. No undesir- 
able feedback because indicating and transistorized 
switching circuits are completely isolated. No pull- 
in or locking coils or special power supplies re- 
quired. Available in two standard models with 
single or double independent control-arm circuits. 
Both may be had with scales for horizontal or 
vertical mounting, with zero at center, left or right 





miniaturization headquarters 


international 
instruments ine. 


P.0. Box 2954, New Haven 15, Conn., Cable: “INTERINST”’ 


50,000 to 3,000,000 
Joule Condenser 
Banks 
> 
Flash X-Ray 
Systems 
= 
Four-Decade 
Logarithmic 
Amplifiers 
2 
Magnetic Forming 
of Metals 
c 
Magnetic Bottle 
and Pinch Effect 
Apparatus 





® 
Image Converter 
Camera 
s 


Diode Checker 


Now available as finished products or through special consulting services. 
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FOR ACCURATE 


AUILYELE i. 


Communications ’ h 7 
Missile Checkout 

Nucleonics ; stoi 
Signal Monitoring se Mogg 
Voltage Control nai r 
Process Control 


« trons ov 
Data Processing tron befor 


Alarm Systems 


... Or wherever pressures t 
dependable, fail-safe rucl 
control is required aes 


WRITE FOR ENGINEERING DATA ergy U 
SHEETS on our complete line of onsidered 
panel meters, side indicators, 
Electronic Control Meters, 
miniature multitesters. I 


PLASMANETICS 
CORPORATION 


P.O. Box 
Berkeley 


398 
5, California 
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t onstant verning the change in 


densit to a step change in 


, b > =) , Vy 


10 arises trom first root ol 
tion of first kind). 
ble values for the 

ttachment coefficients, 

‘ , r between 1074 and 

10) these ies indicate that the 
t tol herent last in response. 
Microwave reaction with gas. One 
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th expressions for 
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]-C-12 Evaporator system, 360 liter/sec. capacity; 
able with glass or metal chamber 


clean vacuum—no fluids, no con- 
taminants 


high vacuum—10°* through 10° 
mm Hg and below, chamber volumes from 
0.001 to 100 cubic feet 


ELECTRONIC 
high-vacuum 
SYSTEMS 


low-cost operation — UlteVac 
ionic pumps need minimum maintenance, 
operate unattended for months 

System completely self-contained and 


movable 
No water lines or plumbing connections 
Requires only an AC outlet 


high-vacuum applications... 
® vacuum tube processing @ thin film deposition 
® space simulation ® environmental testing 


® general physics research 


complete vacuum line... 
® standard and custom systems, with pumps from 5 to 2000 liters/sec. 
® sorption roughing pumps ® metal-sealed fittings 
® high-vacuum valves © ambient foreline traps 
e 


vacuum chamber feed-throughs and view ports 


Write Today — 
FREE Reprint of technical article, ‘‘lonic 
Vacuum Pumps,” by Dr. Lewis D. Hall 


ve 
station de 


UL T E K_ Jtites: 





920-N Commercial St.. Palo Alto, Calif.-DA 1-4117 


ULTEK SALES ENGINEERING OFFICES 
BOSTON - CLEVELAND PHILADELPHIA 
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Pressure-Suppression Dousing Also Traps lodine 


Experiments at Chalk River shovy 
that most of the iodine fission products 
that might possibly be released with t] 
failure of a reactor primary loop could 
be scrubbed out of the reactor-room ait 
with water. Within five minutes after 
a steam-iodine mixture is introduced 
into a volume of air undergoing dousing 
with water, the iodine concentratio1 
the air falls to about 10-4 its init 
value. 

Chalk River had already provide 
water-dousing scheme for the NPD-2 
(Nuclear Power Demonstration) reac- 
tor to limit the pressure rise in the 
boiler room in the event of a rupture 
any of the high-pressure hot-water 
lines. The discovery that water dous 
ing will also trap the highly volatile 
iodine fission products means an extra 
bonus in safety for NPD-2. Othe 
power reactors with pressure-suppres 
sion spray systems will also be able té 
take credit for this effect. 

Following the Canadian philosophy 
of reactor safety, NPD-2 is designed 
without a high-pressure container 
In the event of a major rupture thy 
first surge of steam would be vented ti 


the outside atmosphere through a duct 


which seals immediately thereafter 
At this early phase of the accident t} 
steam would not yet contain any fiss 
products. Following this purge, t] 
sealed building would be doused wit} 
large volume of water in the form of fog 
and spray; the dousing serves to hold 
the subsequent pressure rise within the 
1.8-psi limit of the concrete building 
structure. At the same time the Chall 
River experiments show that the water 
spray will remove the iodine released to 
the air in the building during this sec 
ond pressure buildup. The dousing is 
expected to effect a reduction in iodin« 
air concentration of at least 10° and 
possibly as much as 104. Charcoa 
filters in the air purification systen 
would remove iodine from the air i 
the 5-min period before the dousing i 
complete. 

Water of any quality (except perhaps 
superpure water), with pH betwee 
5 and 9, has proved uniformly effectiv« 
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trapping iod Raw river wateris tion of how t water reacts with tl 
satisfactor Che corrosion inhibitors iodine to bind it in the liquid 
sodium s te and sodium polyphos- Still ta g 
phate, do not interfere with the effect Cc. W \ it, C. 0 

An eptable theoretical explana- 
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New Cross Section For Boron 


R t nrecisi measurements at 
khaven and Oak Ridge of the B'° 
tural-boror eutron cross sec- 
determinations 

| have resulted in 
quantities for 


it The new 


le al ided by 
S40 + 10 barns 


ratio tor 


Scanning the Literature 


Techniques for X-Ray Diffraction 


tudie f Rod ictive Materials. \ 
1Zé 
sum- 
tud- 
ve 

the Problem of Liquid Entrain- 
' { rmatior all 
in 
yy I ire 

a) rays 
A ; Sim ifi0oNn of Xenon In- 
tat ‘ 1 gen 


i two- 
Method 
h other ip- 
» ( 
I I 
Wa 
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LinDE and Union CARBIDE are 
registered trade-marks. 


LINDE 
High-Purity 


ARE GASE 


& High-Accuracy 


MIXTURES 


keep pace with advancements 
in nuclear processes 


LINDE special mixtures of mona- 
tomic and diatomic gases—with puri- 
ty as high as 99.9975 per cent—are 
serving the nuclear industry as re- 
frigerants, as fill-gases; in radiation 
detection, heat transfer, gaseous 
scintillation counters, high-voltage 
insulation, shielding of materials, 
protection of reactor piles and many 
other uses 

Optimum purity is the keystone of 
all LINDE-produced gases—optimum 
accuracy the keystone of LINDE 
gas mixtures 

Whatever your rare gas mixture 
requirements, LINDE’s huge produc- 
tive capacity can supply them—and 
LINDE’s widespread distribution sys- 
tem is ready to make fast delivery 
throughout the country. 

For complete data on rare gases 
or combinations, write for a copy of 
F-1002C, “Linde High Purity Gases.” 
Address Dept. NU-06, Linde Com- 
pany, Division of Union Carbide 
Corporation, 270 Park Avenue, 
New York 17, N. Y. /n Canada 
Linde Company, Division of Union 
Carbide Canada Limited, Montreal 











Drag Coefficients for Fuel-Element Spacers 


By A. N. de STORDEUR,* Belgo.\ S. A., Brussels, Belgium 
One of the most common reactor ® Pressure ss at core entrance an 
geometries is the pin or rod bundle ir 
which coolant flows parallel to the bur ® Pressur cross the bundle wit! 
dle axis. The design of spacers, whic! out s 
prevent pin vibrations and maintain ® Pressu cross the supporting 
coolant-space dimensions in these bu s 
dles, varies from designer to designe) This thir ss is most generally ca 
but can be divided into two broad — culated fi the loss experienced 
categories: spiral spacer wires wrapp the coolant as it successively contra 
around each individual pin and trans its pass through the spacer sy 
verse spacer grids of various types (s¢ Ol the most appropriat 
box). brupt sect inge coefficients from 
To predict the pressure drop across Kays and Lo 1), and Moody’s 
these complicated spacer geometries tor tl tion in the spacu 
the core designer adds up thr 
\\ s method of predicting t 


components: 


Atom Power Dx 

Associates, Inc., Detroit, Michig 
1956-60 Present 

] 


4russels 


* Assigned to 
ment 
by BelgoNucleaire 
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FIG. 1. 


The most obvious spacer system 
is a transverse grid arrangement 
(Fig. 1a) of circular wires perpen- 
dicular to the direction of the flow 
attached at each end; con- 
oriented 90 
other. Ir 


and 
secutive grids are 
with respect to each 
APDA models, grids consisted of 
5-6 wires with 2 in. spacing be 

tween grids. High pressure loss 
of the arrangement led APDA to 
investigate the effect of grid spac 

ing, inclination of the wire on the 
direction of the flow, and shape of 
the grid wires. Inclined 
models (Fig. 1b 

improvement in 
but showed evidence of nonsym- 
metrical flow forces acting lateral 


wire 
led to substantia 


drop 


pressure 








74 





satisiactory 


r toss | iven 


Lenticular-wire pro- 
totypes (Fig. 1c) also show marked 
improvement in pressure drop 


The f 


| spacer type adopted as 


1 reference for Fermi’s Core A 
was e honey-comb-type grid 
Fig. 1d) in which the fuel pins are 
supported symmetrically at four 
yoints. Elastic dimples stamped 

the metal strips forming the 
honeycomb structure provide elas- 


support for the pins 
n contrast to grid supports, its 
the method of spiral-wire spacers 
spiraled around each pin 

per spacing when the 
pins are bound together in a 
Most spiral-spaced bun- 


dies have hexagonal pin arrays in 


transverse 


) 





It evident t be applied to pr 
ict the change pressure drop witl 
itech ou er systems sinc 
these offer a tant flow secti 

We propose hod of calculating 
the pressure los le to spacers ¢ t! 
SIS Ol rrelations of drag coef! ts 
erived tro perimental data. For 
tl thir t ( transverse gt 

i ned, ft ted accurn t 

posed lat 1 is Withi » 10 


i 


| t t 





GRID-TYPE SPACER systems tested for pressure drop by Atomic Power Development Associates 


CVTR 


assembD 


nexagona container cans 
and EBR-II models fue 
designs are examples 
APDA has considered 


spaced pins 


However 
square 


rrays of Spirai-wire 


For the sma i sizes neede 


core assembiie the geometry was , 

Tound to be nerent it ple 

ague to tne eftect if accumulated 
ylerances or he ¢ nponents) and 


eve though it was 
pressure loss 


point of view () tne other hnand 


i 


a Square array of targe-size rods 
compatibie witt tability cond 
ditions, Decause f the small inf 
ence of component tolerances 
such an array ised in APDA 


blanket mode 
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FIG. 2 (ABOVE) DRAG COEFFICIENTS for spiral-wire spacers. 4:0 ned circulor wires IZ. Honeycomb grids S| 
Data sources: APDA core and blanket models—Ref. 4; CVTR * Lorge scale model, (4.8 HB! APDA mode 
dels—Ref. 10; EBR-Il model—Ref ins— | te 45* inclined 172 HB7 APDA mode! 
é EB model—Ref. 11; APDA pins—unpl 2, % coaraiias Tae HBS APDA mode 
eM totypes ‘ Westinghouse Yonkee | 
. ry teams, 4 2 | 
FIG. 3 (RIGHT) DRAG COEFFICIENTS for transverse grid ap Model (3 
spacers Numbers in parentheses refer to data references. 4 6 78904 3 5 6 78905 
Where no reference is listed (some models in left-hand column), Reynold's Number - Re, = %¥8 
jata are from Ref. 5 a | 
it, AP, ecaleu- nite fluid stream. In a s il transverse grids in Fig. 3. (The Reyn- 


thout spacer C's is correlated as a function of a Reyvn 
ers Wi olds number based on the spacer frontal 
dimension The velocity in the ex- 


pression for the Reynolds number is 


taken equal to that in the spacer region 


Ba i 
ts “ei Experimental Correlation 
| pressure Drag coefficients, as defined by Eq. 2 
eth of the bun- were calculated for all the flow-model 
fl condi- tests on which the author could obtain 
\P : tloulated data. The collection included wide 
, oeffi variety of both spiral-wire and trans- 
London (1 verse-grid-spaced models, ranging from 
the flow unit 19 to 144 pins or rods per subassembly, 
\Iood friction most of which have been tested at 
f th inne APDA 
| irface The first step in the calculation pro- 
dure was to establish the flow distri- 
y nt C's bution among the coolant passages of 
termined the bundle from the geometrical charac- 
or the teristics. Then for the flow in the 
fluid across enter cell of the bundle the pressure 
loss owing to rods AP, is computed 
(VS rom Moody’s fretion factor Sub 
A - tracting AP, from the total experimen- 
; tal pressure loss AP gives the pressurt 
° g coefficient to b loss due to the spacer system APs 
g definition With APs determined, the drag coeffi- 
bad { t the spacer region cient can be obtained from hq 2, in 
which the projected spacer frontal area 
e | tricted flow area in the Sis calculated from the spacer geome- 
in ft tr for spiral-wire spacers, it is taken 
° ted frontal area equal to the number of spiral turns over 
the bundle length times the area of an 
° tat eleration in annulus with thickness equal to the 
spacer-wire diameter These exper 
( milar to mentally derived drag coefficients are 
efined for plotted versus Reynolds number for 
ited in an infi- spiral-wire spacers in Fig. 2 and for 
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eee —— — 


olds number is calculated on the basis 
of the wire diameter. 

For the spiral spacers the calculated 
points for each model generally fall on 
a smooth curve. On the other hand 
the spread from model to model covers 
a relatively wide area. This variation 
an have different origins: an error in 
friction factor entering AP, that varies 


from model to model but is consistent 
within any single model, the influence 
of the spiral wire pitch on the perturbed 
flow region (see above), and experimen- 
tal error in APr. 

In the absence of a more systematic 
investigation of this spacer type, the 
curve in Fig. 2 (the arithmetic average 
of the calculated point upper and lowe 
el velopes represents the best estimate 
of drag coefficients available for design 
calculation The spread in the data is 
10°; of the coefficient value. 

As with the spiral-spacer curves, the 
curves of Fig. 3 for the transverse 
spacers represent averages between 
upper and lower-point envelopes for 
each spacer. 

The results for grids of circular wires, 
both perpendicular and inclined to the 
flow direction (Figs. la and Ib), are 
correlated by a single curve, independ- 
ent of the wire angle. This was neces- 
sary because of the overlap of the points 
for these models. In one of the models 
tested (DEM-4) the wires had different 
inclinations within the same grid. Its 
pressure-loss characteristics were iden 
tical with the svstems using a unique 


15° inclination of the wires. Thi 
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HIGH FREQUENCY 
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>, HEATING 


i... UNITS 
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4 . 


~ 4 
“7 
A Lepel induction Kast, 
f heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


Lepe. 


4 

fy 
(j Mf 
f 4 
fy 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization 


CRYSTAL PULLING 


FLOATING ZONE 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and completed 
job with full data and recommenda- 
obligation. 


return the 


tions without cost or 


WRITE FOR NEW LEPEL CATALOG 


zZ ZL hich FREQUENCY 
LLPLL LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77. N.Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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REACTOR CONTROL INSTRUMENTS 


OAK RIDGE DESIGN 


LINEAR AMPLIFIER ORNL Al—D 

PERIOD AMPLIFIER ORNL Q—1093 

* LOG COUNT RATEMETER W/PERIOD CKT ORNL Q—1881 
LOG RATEMETER ORNL Q—751 

SIGMA AMPLIFIER ORNL Q—947 

COMPOSITE SAFETY AMPLIFIER ORNL Q—1565 

LOG N AND PERIOD AMPLIFIER ORNL Q—915 

MAGNET AMPLIFIER ORNL Q—889 


COMPENSATED ION CHAMBER VOLTAGE SUPPLY ORNL 
Q—995 


BINARY SCALERS 4096 


Model 304 HIGH STABILITY POWER SUPPLY 


= 7 a 








ee Myy * 500-2500 VOLTS, POS. or 

: ‘ NEG. 
b, 
& e226 © 25 MILS OUTPUT 
~ at 
© .01% PER HR. STABILITY 
price $495.00 °¢2 MILLIVOLT RIPPLE 
GENERAL NUCLEAR CORP. 
Dep't. 7F 1203 S. Cypress St., Fullerton, Calif. 
Vol. 19, No. 6- June, 1961 


oe C- 





Krueger 


Craftsmanship 


Low temperature hood, com 
plete with refrigeration, hy- 





draulic and electrical systems. 


End view of the above hood 
showing refrigeration cubicles 
and conveyor system 





Dry box installation for radioactive materials 


Krueger offers the very finest in custom fabrication of 
your products in stainless steel. Certified welders using 
modern welding equipment on .005 to %” thicknesses. 
Complete product testing. Polished surfaces. Let us 
estimate your next fabrication requirements. Single 
items or quantity production. 


Write, wire or phone for informa- 
tion, quotations and references. 


Krueger 


fabricating co., inc. 


west badger road, madison 5, wisconsin 
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‘ ' 
premium F | a8 
thermocouple _ i 


wire with — 


metal sheath and mineral 
insulation (.020° to .500° O.D.) 
for universal application 
especially when high tem- 
peratures, high pressures, 
or space limitations are 
factors, and for sensitiv- 
ity and quick response. 


Many sizes in I.S.A. cali- 
brations with 304 stainless 
steel or Inconelsheathand 
MgO insulation carried in 
stock. Hundreds of other 
combinations may be or- 


dered to suit conditions. 


Get the facts on 
XACTPAK today 
BULLETIN 1-500 


Thermocouples co fr 
Fittings ~¢ | 
Connections || Ef) 
Terminations : 


and Assemblies 





CLAUD S. GORDON Co. 


Manufacturers + Engineers + Distributors 


619 West 30th Street, Chicago 16, Ill 
2015 Hamilton Ave., Cleveland 14, Ohio 
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starts on page 


Drag Coefficients his articl: 


K Finally, we ce 


get the total | 


We have Ww / A’ 


0.553 \ 
total flow rate Q7 


0.631 and Noli 


ymbine the two terms to 


yressure drop 





92 99 
n,Qw or Qn ? ni Ky) Qe 123.226 AP AP AP 
Ox The total flow area A7 NoA", 
A's hiecl elds A’y No + nA The table lists the values of the signifi- 
{’ 26.5064 Finally we get for int irial is a function of total 
t] t the central flow cell V¢ flow 
Q Q no + nik; (7 . Friction factor. The total friction 
¢t r : - X 1.035. fact ; t] tabl i alietiad 
j etor show n the table is calculate 
y | no+ nih, 17 a 
Loss without spacers. The pressure APrAr?2qDer 
se due to the rods, APpr is found by iro! f7 and plotted 
fa Lt)? 7 
plying Darcy’s formula in the space 
ss channel for the center channel ersus R mber 
elocitv and corrected for the reduction DeQy 
( irea due to the wire presence R 
yA; 
f . V%°o A , 
AP ; ; lor tl 2 f 65 
2g Dec A" 
AP; : 
, =. LO Re ete! 10° 
nere jf is taken from \Ioody s correina- Qn 
mn for tl teynolds number = 
a | Expected accuracy. To t 
Dey Cc the expe a Iria of the 
Kee ) rs tion, we can write 
: . R i , 
For the two-ft-long 121 pin model and d(Af Al Al 
for 190° F wate AP; Al AP 
AP f xX Qr’ 1.1482 x 10 SI ea (AP; jual t I 
Re Or X 1.785 10 in the correlatior ethod, and d(A/ 
AP 0.4 Fig e | 
Spacer pressureloss. The pressur 
j , (AP, \/ Al 
sss due to the spiral-wires spacers Is 0.4 04 Al 
nputed from APs, by thedrag formula AP; Al Al 
C 0 | I the 12 ( ted ! 
AP; = ) — ra ~12 
2q 1"; A; 
a a Discussion of Assumptions 
efthe spn projectet Ironta 
irea is of one spacer diam Since t or calculating th 
r tl er turn of the spiral lrag coeff icial to tl ethod 
n re rning the = ) 
L 
Q aria l\d tions t this iculat I 
7 wre pri () if m ot rf 
I drag ent C's 1s found from ides [ol 
; +} nace! ith tl t 
Fig. 2 for ie of Reynold’s number the space! t 
I qu! i is i 
d Ce rict n io t ns ty 
Re . 
{ tral erid lr} tt 
Spiral-Spacer Pressure-Loss Calculation 
a) ft 3 /a¢ 0.223 0.3345 0.44 O.5575 0.669 
O 0.04973 O.11L1S89 0.19802 O.31081 0.44756 
Ip 39.800 59.700 9 HOI GO 500 119.000 
0.021 O.0195 O.O1LS 0.0178 0.0172 
P it 12.0 25.05 $2.20 OL.4 SS.4 
PR? & OOO 12.000 16.000 20.000 24 000 
( I ) 0.49 0.44 0.42 0.405 O3805 
APs (ft 5.3 10.65 Is 27.2 So 
Cak ited 17.3 85.7 ov SS 6) 126.6 
7" I ental 16.8 6.4 62.04 94.2 134.8 
0.0266 0.0244 O.02 0.0218 0.0216 
34,400 51,600 68.800 RH .000 103.200 
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to APs could not be dis- 
sociated from the other two by a simple 
the length of the pas- 
sages In a transverse grid is generally 


ntribution 


lation 1.f 


short that flow regime cannot be 
fu established and Moody’s friction 
factors are not applicable) 

Insufficient information about losses 

he pipe inlet region is available to 


it predictions in the complicated 


cer g I try 
lr} nethod supposes that the fric- 
tion losses over the largest part of the 


ength of the rods and container walls 
without the 
wcer system and that 
calculated under 
established 


method neglects any 


ire the same with and 
these osses can be 
tl ssumption of a fully 
boundary layer by 
s and changes of flow direc- 
tir ithin the bundle are therefore 
Chat orrelation based on this as- 
tior ields satisfactory results 1s 
idence that the disturbed region is 
compared with the 
stablished regime—for  trans- 
listance between suc- 
grids is always several orders of 
ger than the equivalent 
ral spacers the valid- 
n is less obvious. 
\ ght be expected, the calculated 
ow a larger spread 
transverse grids. 


APDA 


egligible influence of the 


demon- 


g n the transverse grid 
! tests were lor two types 
t supported the pins in 
me plane (Fig. 
loss Was first 

with equal longi- 
tu y t en grids; then the 

tled and the 


grids 
groups of 
h other as grid con- 
ermit The re- 
grid region 
new arf©r- 
vires of the two 
ther did not obstruct 
losses for the new 
similar to those ob- 

| spacing 
f APR as ¢ xplained 


simultaneous 


e'| f rat the flow unit cell can 
low distribution 


| character- 


nt diameter) of 


ntral coolant cells 
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The first assumption is contradicted 
by some velocity distribution tests per- 
formed at APDA on certain types of 
subassembly prototypes furnished by 
the fuel manufacturers: Velocity trav- 
erses measured with pitot tubes indi- 
maldistribution + 30% 


cate flow 


which varies, furthermore, according 
to the longitudinal position of the probe 
in the bundle. 


been found for these velocity distribu- 


No explanation has 


tion results, which are disregarded in 
this paper. 

The 
found in excellent agreement with ex- 
perimental results. 
termined at APDA on a bundle section 
deprived of intermediate supports falls 
that predicted 
Moody’s friction factor both on full- 


second assumption has been 


Pressure loss de- 


‘ 


within 5°, of from 


and enla rged-scale models. 
Other data 


tion; in 


scale 
6, 7) confirm the assump- 
one other instance (8), the 
experimental data indicate an increase 
of 65% over Moody’s law, which has 
been attributed to (unmeasured) sur- 


Theo- 


stems ol 


face roughness by the authors. 
retical investigation (9 


on sy 


rods with characteristics (ratio of pin 


close to 


array pitch to pin diameter 
] 


those considered here yields an ex- 


pected friction factor in good agree- 
nent with Moody’s laws. 
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HAWS 
SAFETY 
FOUNTAINS 





Wash harmful fuels and chemicals from 
eyes and facial areas, instantly! Pre- 
vent discomfort and serious injury. 
Units may be wall or pedestal mounted; 
with hand or foot operated quick-open- 
ing valves. 


7900 Series—Maximum coverage eye/face- 
wash. 6 spray outlets in extra large stain- 
less steel bowl set up soft, drenching mist 
for positive first aid. Large hand valve. 


7100 Series—Eye-wash sends pressure-con- 
trolled streams from chrome plated brass 
heads. Acid-resisting enameled iron bowl. 


7700 Series—tye/face-wash simultaneous- 
ly sprays water from perforated copper ring 
and fountain heads. Stainless steel bowl 


HAWS 
SAFETY 
SHOWERS 


Instantly flood 

the body with 
torrents of rushing 
water to wash 
away injurious 
contaminants. 
Your choice 

of single head or 
multiple nozzle 
showers; available 
with hand or foot 
valves. 


Mode! 8599 — 
Multiple Nozzle 
Shower instantly 
drenches victim from 
all angles. 

Large hand valve. 


WRITE FOR HAWS 
DETAILED SAFETY 
CATALOG TODAY! 





SAFETY EQUIPMENT 


a product of 
HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street ° Berkeley 10, California 
Export Dept.: 19 Columbus Avenue 
San Francisco 11, California, U.S.A 
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NUMEC’S SENTRON 





The SENTRON is a dependable new self- 
testing gamma radiation alarm system. 
The system has extremely fast response 
and is specifically engineered to fulfill 
the requirements of Title 10, Code of 
Federal Regulations, Part 70. 


FEATURES OF THE SENTRON 
3-S SYSTEM INCLUDE: 


M@ Response time of less than 2 second 


@ Linear pulse counting and readout giv- 
ing greater accuracy 


System stability—no zero shifts, no 
drift—no calibration or adjustments 
required 


Jamproof and transient proof opera- 
tion 


Completely automatic self-testing of 
all channels 


Positive indication of any system fail- 
ure (visual and audible) 


Continuous reading of radiation in each 
channel 


@ Modular construction allowing low cost 
flexibility 


For more information on the SENTRON 3-S 
systems contact 


NUMEC 


nuclear materials and equipment corporation 
apollo, pennsylvania 


able NUMEC ~- telephone GRover 2.8411 





FIG. 1, 


are canned. 


as slugs are moved (1,000 rpm rotation, 1.4 in/sec translation) through tester 
2,000 pulses/sec, 12,000 pulses traverse each slug. 








AUTOMATIC TESTER measures size of U grains in Hanford fuel slugs before they 
Attenuation of ultrasonic pulses beamed through slug measures grain size 


With 
Defective slugs are rejected auto- 


matically; data records tell process trends so corrections can_be made as needed 


By DANIEL C. WORLTON 


Inspecting Uranium Slugs 
at Hanford Ultrasonically 


Hanford Atomic Products Operation, Gen ral Electric Co.. I 1 ou hair 

To reject unacceptable fuel elements diameter and 8 in. long) encased 11 
and control the manufacturing process bonded to an aluminum jacket 45 mils 
we nondestructively test the fuel mate- thick. To prepare the uranium | 
rials at several stages during the manu- canning, we cast it as 6-1n.-dla ingot 


facturing process. Because we fabri- 


| cate a large number of fuel elements, it 


is important that our inspection equip- 
ment be integrated into our automated 
production lines 

Before we clad our fuel slugs we test 


them for grain size and any cracks or 


defects (Fig. | We also are develop 
ing a test for grain orientation. 
The Hanford Slug 

The Hanford process fuel element is 


a uranium cylinder (about 1} in. in 


roll it at 620° Ct 


the final diameter 





these to final size lo provid in add 
tional cooling ( vi lr I 
~3<-in. hole y e centr i 

So! fuel rods so they can be 
both internall l ter! 


of grain orientation. 


Importance 

The rolling process preferentially aligr 
the orthorhom| Iranium crystallites 
lengthwise along the rod Thus as 
rolled uranium is highly anisotroy 
and would | markedly unstable 


June, 1961 - NUCLEONICS 





























dimensionally when it is irradiated. < | 
ional stabilit - a 
o improve dimensional stz y, we = 
' i 1€Nnslor staduity, 21000 Y 
heat-treat the metal to make the erys- 2 i 
- 2a 
tal orientation random. This trans- < , Effective region 
f = of measurement 
formation process involves heating the Ss 
” | 
|; « metal into the beta phase and quench- Ie 100} 
ing it into the alpha. During trans- > i 
7 e a 
formation the metal grains grow to = | 
o | 
neal five times their original size, 2 
increas ng trom ~0.035 mm to 0.18 mm 10! wade cas 100 
larger. Thus the presence of small ) _ Ultrasonic Wavelength 
ilpha grains in a heat-treated fuel core | Cs Average Grain Diameter _ 
ites its transformation is incom- 
Ke FIG. 2. ULTRASONIC ABSORPTION curve 
ete and the crystal preferred orienta- 9" yranium shows that attenuation is a good 
tion will make the fuel dimensionally measure of grain size for \/G values less 
unstable when irradiated. On the than about 30 
other I exct ssively large grains 
~0.35 mm or larger) tend to grow _ core is detectable ultrasonically because 
preferentially and form severe ‘‘bumps” they attenuate the waves measurably 
on the fuel surface. Thus we want the — less than larger grains do. 
iranium grains to have an average Equipment. Figure 3 shows a block 
liameter of 0.1-0.35 mm diagram of the equipment we devel- 
Fe — oped for this test. Figure 4 shows how 
nspectin or rain o1ze . r 
Pp 9g the amplitude of a 5-Mc/sec pulsed 
To insure that the grains of the fuel ultrasonic beam (traversing the core 
ores are within the size range 0.1 along a transverse section slightly dis- 
0.35 lestructively inspect placed from the axial hole) relates 
ich core ultrasonically before canning directly to the size of the grains. Al- 
t his test uses the principle that though the output voltages measure 
iltraso1 i" passing through a_ relative grain size, for calibration we 
ttered by the periodic use reference voltages produced by 
g t Che degree of scatter- standard cores of known grain size. 
9 1 atte 1) depends mainly By using high-speed recording equip- 
n the ultrasor vavelength and the ment that records the digital data from 
r ‘ ge g eter G; Fig. 2 shows the voltmeter we can detect undesir- 
empirical curve relating these fac- able trends in quality and correct the 
production process quickly, thus reduc- 
gitudi t ic Waves propa- ing our reject rate. Figure 1 shows the 
gate in uranium at a rate of ~1.33 & automatic test station. 
1()> ay ¢ oa 5-megac vole test fre- C . T 
cian hues} Mi etin ot wtih ore Integrity lest 
ransformatio1 id 4 after. Figure 2 Included in the automatic grain-size- 
} that tl responds to at least a = measuring equipment are circuits that 
tenfold increase in attenuation. Thus simultaneously assure that each fuel 
pha grains in a fuel core is free of surface cracks, striations, 
grain Stepping 
| readout } switch 
— = * controller 
vie 7 5 
Pulse Average-| | e 
r™ selector] grain 
+ er | gote readout | 
Large 
We amma grain 
F | readout | 
f o_o 
preset digital|_.| Tape LJ Digital | 
g tmeter puncher} | printer | 
tT relays 
s { 








FIG. 3 


PULSES ATTENUATED by grains of U slug are amplified 


FIG. 4, 





seams or other defects that would 
affect reactor performance adversely. 
This test, developed to supplement (or 
possibly replace) a visual examination, 
uses a single crystal to direct the ultra- 
sonic beam at a 75-deg angle with re- 
spect to a surface normal. We found 
experimentally that echo amplitude 
varies with defect depth (within the 
range 0.001—-0.020 in.) to a degree that 
permits us to discriminate against 
shallow, acceptable defects. Echo 
pulses are electronically counted as the 
cores are rotated and translated past 
the test head to provide a total number 
that measures the integrated length of 
defects whose depth exceeds the preset 
limit. 


Grain-Orientation Tests 


Measurement of average grain diam- 
eter only indirectly indicates crystal 
preferred orientation. We would 
rather have a nondestructive test that 
would measure directly the kinds and 
degree of preferred orientation. 

Resonant-frequency method. Since 
the elastic constants of uranium crys- 
tals are directionally dependent, pref- 
erential alignment of crystals causes a 
change in ultrasonic wave velocity. 
Much effort has gone into developing 
test methods based on this principle 
(1). 
ures total volume velocity by observing 
the frequencies at which cores resonate 
in the longitudinal and torsional modes. 
The resonant frequencies of Hanford 
fuel cores are approximated well by 


: nik % 
a | 


G | 
p 


One promising technique meas- 


n 


2L 


F, = 





(Continued) 














LARGE GRAINS (toward left end of sample) attenuate 


in receiver and fed into circuits that show grain sizes; voltmeter 
converts signals to digital form for reject circuits that separate 
defective cores from production line 
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an ultrasonic beam more than small grains do, as is shown by this 
wave trace of pulse amplitude vs. axial position along a fuel core 
having widely varying grain structure 
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COMBINATION | . 
ROLLING MILL ‘ys 
nolit = P 
otunl) 
| | heck 
Licata oll 
FIG. 5. RESONANT FREQUENCY of ultrasonic waves passing through a U slug indicates 
grain orientation directly. In equipment outlined here, U slug being tested serves as 
frequency-determining element in oscillator loop where sharp cut-off band pass filters 
suppress undesired modes of vibration; output from drive amplifier feeds to frequency p 
counter, from which resonant frequencies are determined 
ere fF d F, are longitudinal and — resonant-frequ measul 
tOorsior resonant treque neies, L is indicate iIn-reactor dimensional st 
ngth, 7 ide order, p is density, it A recent test divided 600 
nd G are Young’s and shear cores into thre I equ vl 
ressilons 48sume Iso- iwecording to ft tio OF longitual 
g us material; their  to-transve 
lity for suring deviations from Group A t 1 Fy/ Fy rat 
s ium fuel cores is, of  0.7794-0.7811, Group B ranged 0.77S¢ s > 
Irs iestional But we believe 0.7787, and Group C ranged 0.7708 
it preferentially aligned grains would 0.7778. Dimensior measure 
ge the effective moduli, and so made befor nd after irradiati 
ge the resonant frequencies showed that cor Group C ¢] 
Using the equipment in Fig. 5, we — size more that did cores in the other 
Y ute I een marked differences in reso groups For « ifter the 
nt frequ s of cores known to have xposure the average incrementa 
2 preferent rented grains \Ieas eter change { res in Group ¢ 
. nts on several thousand cores have ~16 larger t t is | 
« shown that the method recognizes dif Groups A and B; the averag 
eS al g rods of the same parent Group C was ~I18 irger thar t 
2-HIGH SHAPE ROLLING SETUP maieal Sheik Teee died tlainetinn other aecare No senificant 
Installed at the General Electric histor Although the technique is a ences were observed between Groups A 
Hanford Works, this 3” & 14” x 20” notentia ' erful tool for detecting ind B 
LOMA 2-High/4-High Combination grain orientation, the effects of metal Wa home that thease dete will ead ta 
Rolling Mill offers utmost versatility ee Ser Oe er seer ST ae nr pa eee 
in the hot or cold rolling of flats and Sie Tia Py ee eee 5 Cs 
shapes. The machine employs dua aren nfluence readings toa that can be written into fur 
heavy-duty roller bearings of legree that is difficult to evaluat tions We p i larger test to « 
800,000 Ib. separating force capa- Comparison with X-ray diffraction. — this possibilit 
city, dual motor power screwdowns, T] resonant-freauency method has 
motorized roll changing and a 100 RR Pre a : se 2 
H.P. variable speed D.C. drive. : wiftigapicteet. Pe H 
aring it with X-ray diffraction data AS eS eal call 
The lack of complete agreement of the comp , ‘ 


thes t surprising since X-rays 
tected Ol Dy the material near BIBLIOGRAPHY 


suria l¢ resonant Trequen 


UNG SE ZCMRS OMEN cccuromonts anmly to the total fw dye vor ee . 


114 East 32nd Street olum ‘eb. 11, 1959) 
we York 16. Nat. Comparison with irradiation effects. A. A. Ferguson, E M 
Our studies iggest that pre-exposur s HW ; 
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Thermal Conductivity of UO. 
Improves at High Temperatures 


By J. LAMBERT BATES 


Hlant 1 Ato / wducts Ope ration, Gene ral klectru ™ Ri hland, i asi ington 


luctivity of UO.—a a temperature independent conductiv- | 
to the design of — ity of 0.0125-0.0208 watt-cm/~ ¢ 








y reactor fuel—shows I:xperimental evidence suggests that 

v int improvement the thermal conductivity above 

it tl hig t eratures required to 1,400° C may be significantly greater 

wrformance. This than these extrapolated values. Labo- 

stems from our ratory investigations of unirradiated 

that radiant energy trans- UO, at temperatures to the melting 

Zr a sizeable con- point have established the character- 

t rmal conductivity istic temperatures at which certain 

100° The existing relia- changes (for example, grain growth, 

f UO. thermal con- sublimation and crystal growth) occur 

t that it falls with in- 4. %). By observing similar physical 

y ture as A/(B+ 7T)* changes (8, 10, 20) in post-irradiation 

the ex] te or tor lattice con- specimens, one can deduce the tem- 

hese measurements perature profile (see Fig. 1 and appen- 

00° © (1-8). De- dix) during irradiation and from this 

yg f UO | vho need estimates obtain an estimate of thermal conduc- 

the temperature tivity. Such estimates lead to values 

y to 3,.000° K (ice., the UO larger than those now commonly as- 

elting point ive either used an sumed at temperatures greater than 
<trapolation of the reciprocal curve 1,400° ©, THERMOCOUPLE 

| B+ T) o1 mplicity, assumed The thermal conductivities of a num- 


ber of metal oxides (for example, MeO, ASSEM BLIES 


Al.O3, BeO) exhibit the same pattern 































1 ature il ] { i 
: en ceeibiiatinlins duties toi the More than 100 complete T/C assemblies, 
’ available in a range wide enough to cover 
_ a most applications in any industry, under 
| any environmental conditions. Included 
2800 are straight, angle, high-speed, high- 
4 Cov “1 1 2600 temperature and spring-loaded assem- 
edge o 2400 blies. They are among many thousands 
Large columnar ae of accessories—all available from a 
grains, outer termini 7 ¢,cVV single dependable 
isi aatiialiais 7] 2,000 source—to help 
grains, outer termini—_ 1,800 s your instruments 
Grain growth—_ 1600 perform at their 
— 1400 2 best. 
Circumferential crack — —} 1200 “ Get details from | c—— 
000 = | your Honeywell REEummmpmeray 
— Sintered U02—~_ a 600 weld engeneds, oF i 
outer edge ** ~ | 1600 pi ag Si Romero | 
4 atalo -1. 
— 21-2 clad ——~_. — 400 8 t seat Sere | 
Coolant —__ ~\J 200 MINNEAPOLIS-HONEYWELL, Wayne and 
LLititititvirisiilisg Windrim Avenues, Philadelphia 44, Pa. 
7m ae 18 16 14 12 10 8006 04 02 O In Canada, Honeywell Controls, Ltd., 
| Distance from Fuel-Element Surface (cm) Toronto 17, Ontario. 





FIG. 1. CROSS SECTION view and radial temperature profile of UO. fuel core during 


irradiation. Heat generation rate was 124 watts/cm*® or 1,180 watts’cm; surface Honeywell 
heat flux was 99 watts/cm*; UO» density before irradiation was 10.2 gm cm* and ratio - > 

of O toU 2.02. Temperatures obtained experimentally (see Appendix) check larger UO Fit We Coittol 
conductivity predicted by author at high temperature —ew ee 
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FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liquid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 
cleaning. No obligation. 
*Liquid Honing and Vapor 


Blast are trademarks 


VAPOR BLAST 
MFG. CO. 


3039 W. Atkinson Ave. 
Milwaukee 16, Wis. 
Copyright © 1961—Vapor Blast Mfg. Co 
All rights reserved. 
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e Polyphors® — 
polystyrene or polyvinyl 
toluene 


e Loaded liquid 
Scintillators 


e PYP-1* and standard 
waveshifters 


e Scintillation grade 
fluors 


Available in all 

sizes and shapes up to 
Pn x 1’ 

*Patent Pending 


Write for Data Sheet today. 
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UO, Conductivity his 


r— ™ 7 = 
2 HAF BM 

Ni aie innaiaeleteane 

FIG. 2. THERMAL CONDUCTIVITY of UO, 


sum of lattice [A/(B + T)] and radiation (16 


reciprocal-temperature relationship at 


high temperatures (11-14). 


Investigators have attributed this 
deviation to the transmission of radiant 
energy through translucent solids 


heat transfer in 
transparent glasses is often 
great as that due to lattice conductivity 
Ackermann (16) 

translucence of 


Similarly, radiant 


50 times as 


14 since has dem- 
onstrated the UOsz in 
the near infrared, we can postulate that 
radiant transfer in the infrared causes 
in enhancement of UO:2 conductivity at 
high temperatures. 

Below we derive 


thermal 


an equation repre- 
senting the conductivity of 


dioxide between tem- 
perature and the melting point that 


takes into account both lattice conduc- 


’ 
uranium room 


tion and radiant heat transfer. This 
expression predicts (Fig. 2) that the 
thermal conductivity passes through a 


400° C and increases 
room-temperature 
Data 


post-irradiation examination 


minimum near | 
to approximate! 
values at the melting point. 
from the 


of fuel elements support this prediction. 


The higher thermal conductivity 
means that heat-generation rates of 
UO, fuel elements, previously calcu- 
lated on the basis of kyo: f(z *)-or 


kyo, = constant, can be increased with 


out exceeding core-temperature limits 
Radiation Heat Transfer 
The 


radiant energy transmission through a 


thermal conductivity due to 


article starts « 





versus temperature. 
o N*T*/3a) contributions 


m page 83 


= ——— 


Solid curve is predicted 


solid of infinite thickness is given by 


| \6on2?T 
4 
cr 

Vs Effective thermal conductivity 
due to radiation, (watt-cm K 

o Stefan-Boltzman radiation con- 
stant (5.6686 * 107!* watt/em? 

K4 

n Index of refraction 

Tr Temperat ire K 

a Optical absorption coefficient 


cm 
Ackermann, et al (/¢ 
ported values for the index of 
and the extinction 


arX , 
OS wl x where A 


m). Absolute Value 


h upper limits meas- 


h is recently re- 
refraction 
coefficient, x, up to 


= W avelengt h, 


S of x were 


meas- 


ured to 0.65 yw wit 
ured to0.8 pw. The 
An (the wavelength 


monochromatic 


wavelength, 
which the 


power 


modal 
for 
emuissive Is @a 
3,000° K. If we 


repre- 


maximum) 1s | yp at 
this modal 
erage ol the 


assume wavelength 


sents an ay transmitted 


omes: 


radiation, Kg l be 
ton?T' ,, 
OT x 


Thus we can obtain an approximate 
solution by extrapolating x tol uw. In 
the extrapolation, we can see the limits 
of x at 0.8 w inasmuch as they represent 
Therefore, 


the maximum values of x. 
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the use of the upper limits of x results 
in minimum possible values of k,. At 
1 uw, we estimate in this way that x is 
5 X 10 

The temperature dependence of n 
and a@ for UO: is not known. Monroe 
(20) has shown that the average ab- 
sorption coefficient for Al,Oz increases 
with temperature. The temperature 
variation was a function of the wave- 
length of the radiation 
with the smallest 


‘and n is 2.3. 


transmitted 
variations at wave- 
lengths less than 4 microns. In addi- 
tion, the absorption coefficient increased 
with temperature up to 1,608° C; above 
1,608° C the absorption coefficient for 
A].0, did not increase. 

Similarly, no published data exist on 
the temperature variation of the index 
of refraction for refractive oxides. 
However, the Lorentz-Lorenz formula 
for the optical dielectric constant pre- 
dicts the index of refraction of the oxide 
should 
perature, 

Because no data are available for the 
temperature variation of the index of 
refraction and absorption coefficient for 
UO, data other 
oxides are limited, we assume that a 


increase with decreasing tem- 


und for refractive 


and n are constant over the entire tem- 
perature range 

A factor that may significantly influ- 
ence the thermal conductivity in UO, 
fuel elements is the presence of large, 
-oriented columnar grains. 
influence the transfer 
a) The absence 


radia 
These 


of heat in 


Zrains May 
two ways 
of grain boundaries and the presence of 
high density UO, will increase the lat- 
tice contribution of the thermal con- 
ductivity b) The optical density of 
the large single crystals is smaller than 
for polycrystalline UO, which enhances 
the 


tion 


contribution of radiation conduc- 

For example, absorption coeffi- 
cient of polycrystalline Al,O; is ap- 
proximately 6 times greater than for 
crystals of Al,O;. This results 
six-fold increase in the radiation 


single 
in & 
portion of the thermal conductivity in 
the single crystal. An analogous in- 
crease in both the absorption coefficient 
the thermal conductivity can be 


ind 


expected for UO, 


Total Conductivity 


The total thermal conductivity of 
sintered UO, 
conductivity k, and lattice conductivity 
k 


s the sum of radiation 


A l6on*T? 
B+T 


3a 
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If we insert the measured values of k;| 
(4, 8) and the extrapolated values of a 
and n in k,, Eq. 4 becomes 


30 p 


= 10-273 
10 + z Po 


p/po is the ratio of the specimen den- 
sity to the theoretical crystallographic 
density. 





The observed effects in the irradi-| 


ated, sintered UO, fuel element (10) | 


shown in Fig. 1 support the validity of 
Eq. 4. Characteristic temperatures 
(9, 10) can be assigned to regions and | 
boundaries by analogy to similar phe-| 
nomena observed during laboratory | 
experiments at known temperatures in | 
nonirradiated UO, (4-8). Through! 
these methods (see appendix) we as-| 


} 


| 


signed temperatures to the UO: cross 
section in Fig. 1 to obtain the radial | 
profile of UO, temperature during ir-| 
radiation shown there. 

From this temperature profile we 
estimated thermal conductivity values 
for the regions above 1,500° C. These 
thermal conductivity values are shown 
in Fig. 2 in conjunction with the low 
temperature BMI-HAPO measure- 
ments, superimposed, on a plot of Eq. 4. 
Equation 4 closely agrees with the 





thermal conductivity deduced from the 
temperature profile of the irradiated | 
fuel element. 

* * . 


The author wishes to thank Dr. W. E 
Roake for his helpful suggestions and advice. 
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The unit illustrated is used in 
the salvage severance of obso- 
lete pipelines. In actual use the 
cutting head is suspended in 
the “hot” area and is operated 
by remote control. It is control- 
lable in a manipulator “wrist 
action” for positioning between 
manifolded pipe headers. In 
less than 10 seconds it will cut 
4” O.D. x .226 wall Inconel pipe 
at room temperature. Your in- 
quiry on units of this type or 
for the development of other 
special equipment involving 
high pressure hydraulics 
would be welcome. 
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Gaertner Precision Optical Bench Assembly 
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The Precision Optical Bench is a versa- 
tile measuring instrument consisting of 
a lathe-bed-type base, light source, col- 
limator with interchangeable filters and 
targets, nodal slide and microscope with 
three - dimensional adjustment. Focal 
lengths, resolving power and the vari- 
ous aberrations of optical parts and 
systems can be measured. 

The several components can be used 
independently for special test setups, 
mock-ups and experimental instrumen- 
tation — providing linear and angular 
motions and measurements, alignment 
and stable support. 


eringard 


designed with the 
scientist in mind 


Eringard enclosures are 
available to you in single 
and multiple units—or if a 
project requires, our research 
department can design and 
build complete enclosure 
laboratories to fit your every 
enclosure need. 


snow 
visibility of the 
no blind areas presented to the worker. 





’ - 
Useful in checking optics and for experimental instrumentation setups 


Double and single rod benches and 
a large selection of carriages, holders 
and supports provide a complete selec- 
tion from which to choose. 

Gaertner offers a wide range of opti- 
cal and measuring instruments, includ- 
ing special modifications, design and 
manufacture of special instruments and 
optical systems, and manufacture of 
subassemblies and instruments from 
customer sketches and drawings. 


Send for bulletin 156-59 


GPaertMeEe!P 2s: Ww. 


SCIENTIFIC CORPORATION Chicage 14, BU 1-5335 


enclosures 





The Eringard enclosure features a full length 


unobstructed 
there are 


case window 
+ 


permitting 


interior. In use 


For address of our representative 
in your area, please direct inquiries 
™ to ROYAL RESEARCH CORP., 


PRODUCT DIVISION. 


advance design 
enclosures by 


eringard 


86 


ROYAL 


RESEARCH CORPORATION 
A subsidiary of Royal Industries, Inc. 
11824 Dublin Blud. + Hayward, California 


UO., Conductivity 


This article starts on page 83 
single phas s, J. Am. Ceram. S 38 
251 Wh 
4 Jar s \ W Lawson J i ppl 
Ph 39, 13 158 
B.S. Kell I ly flow of it thro 
t glass, J. O S im. 42, y (1952 
R. J. Ac inn, R. J. Thorn, ¢ H. Wins 
low Viss and Itra absorption 
prope es ol ! lioxid s, J. Op 
Sox im. 49, 110 oY 
W. D. Kinge Property Measure s a 
High Te p. 93 (John W and 
Sons, In Y 1959 
1, ¢ n \ rement of l 
nd i al clad I hioxid 
is d n, WAPD 8 (A t 
1960 
i a B I ad r sely 
i i O; I t HW 
i oO 160 
J. E. Mor I ared t ~ n and 
‘ SOO” « n Stud f H 
lransfe { Ma ~ " 
p. 38 } 
4 ) 
APPENDIX 


Temperature Profile Determination 


We estimated the temperatures in the 
UO» during the irradiation in the following 
nay 


Coolant temperature (45° C 


: Measured 

thermocoupl! rted in the coolant 

water Therm 1 also indicated the 
heat generation of the fuel element i 


with the coolant flow rate 


Zircaloy cladding temperatures: 


© Outside surface 15” 4 Calculated f 
the flow characteristics of the flow chan 
and the fuel- ent heat generation 
eT, é wy” ¢ Calculated f 
! t p t icross the 0.096 
thick cladding i thermal | 
tivity of 0.107 watt/em°C for Zircaloy-2 
UO.» Temperature at circumferential 
crack* (1,300° C): In-pile measurement 
the effecti I lucti and ip 
ducta 1 U¢ | 
nh Is nN ip icta of 
~~) wa ( a O.O0O25-c1 il 
gap i@ara Ww n n ( yt 
Fo he ther t I 
g alc 0.031 
va n°¢ ! V2 6! ! 
UO: fuel core at 500°C. With these va 
s i | UO i t ra 
4 rs lat it ul l 
sce ol tl ack of 1,300" ( 
Alterna f I itu I ‘ 
ick Z I i | { I 
tial crack ated ent 
hermal 1 lata 1 i 1 
* WwW) ner 4 ick W 
; 1] p! j the irradiat } 
4 a I t However 
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ed UOcf i il a crack 
I ally | t tered UO 
r} implies t I emperatu of the 
umferential wk a gz the idia I 
vas below tl g temperature of UO 
tl ‘ t ick W | t 
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LO For a helium-filled cladding-UO | 


; 4 gap and cumferential crack we calculated: | 
®v0 face temperature (450° C): Calcu- 
1 for a 0.0025-cm hellium-filled gap be- 
Zr-2 and the UO» during irradi- 
2 A at und | ’ tl mal conductivity = 


@ 1. ter rut irface of circum- 
( Calculated from 

Ee | 

1APO-BMI es T in | 

T + 350 } 

{ { } 
* mi ential crack tn 


1 0.0025-cm, 


thermal con- 


| 
' | 
| 


Farmat temperature of large equi- 
1xial ( grains 00 60C° CC): Sinter- 
wn large grains 


10ng all three 


"> HOO? ¢ ver a | 
Temperature uter termini of small 
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Irradiation Ship Would Eliminate 
Grain Loss to Insects in Tropics 


In some parts of the world grain can grain before it is put in storage, but sons. Even in temperate climates th 
be stored for at most nine months after they do not kill the insect eggs present losses to insects are substantial enough 
harvesting before it is totally consumed at the time. This means the stored ($300-million a year in the U. 8S.) to 
by insects. Eveninthe U.S. withthe grain must be refumigated at regular motivate interest in irradiation 
most modern methods of chemical intervals. In northern climates fumi- processing 
fumigation losses of stored grain to gation every 12 or 13 months suffices Besides being more effective and 
insects are as high as 50% per year. but in tropical climates the rate must heaper, irradiation would be safer than 
Lloyd Brownell (University of Michi- be increased to every 2 or 3 months chemical fumigation \lost fumigant 
gan) and Tom Horne (Curtiss-Wright) Even at this frequency fumigation does are poisonous to humans as well as to 
have proposed that an ocean-going ship not control some ty pes of insects found insects. With such poisons, stringent 
with a cobalt source in its hold could _ in the tropics precautions must be taken and the 
help reduce the enormous loss of grain Irradiation, on the other hand, kills grains must be turned and aired to r 
to insects in places where grain is most both the insects and theireggs. Hence move residual poisons In contrast 
hungered for. They envision a spe-_ if the grain were irradiated in insect- irradiation with gamma rays introduces 
cially equipped grain-irradiator ship proof containers, the stored grain would no toxic products; effects of radiation 
that would tour the world, calling upon remain free of insect damage for an on food quality are insignificant unti 
the ports of food-scarce countries where indefinite period of time. This unique doses many times those needed to ki 
it would irradiate grain supplies to rid advantage of irradiation processing insect eggs ar 
them of insects before they are put over chemical methods offers for the As a first practical applicatior 
into storage. first time a practical means of insect Brownell proposes a ship-borne facility 

Irradiation would be much more control in tropical areas. Here insects that would roam the world performing 
effective and also cheaper and safer take their heaviest toll of the world’s good-will services in the same mannet 
than the chemical fumigation methods _grainsupply—the United Nations Food as the ‘“‘ White Ship’’—the hospital ship 
now used for this purpose. In the and Agricultural Organization esti- now operated under the private spon- 
present methods, insecticides kill all mates that the grain ruined each year _ sorship of Project Hop This scheme 
the adult insects and larvae that are in by insects would feed 100-million per- would tie in directly with U.S. interest 
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IRRADIATION SHIP anchored in port of food-scarce country would from damage by insects and humidity for extended periods, and 
take on bulk grain from supply ships for temporary storage in could be stacked in open storage locations with only minimal 
aft hold (A). Grain would be packaged (B) in insect-proof bags additional protection. Water shield is sea water pumped into 
and carried by conveyor belt past water-shielded cobalt source holds when ship is docked. While ship is at sea 10°-curie cobalt 
(C). Irradiated bags would be stored in forward hold (D) until source would be stored in lead cask. Development program to 
transferred to dockside for shipment to permanent storage loca- put radiation processing of grain on practical basis would cost 
tion. Grain in bags treated by this process would remain free $10 million spread over period of five years 
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in sharing its surplus grain with under- | 
developed nations 

Che ship (see figure) might be an old | 
Liberty ship converted to house pack- | 


equipment and the irradiation 


lity Upon arriving at a port such 
Bombay the ship would tie up at a 
dock Dozens of other ships loaded 
with grain in bulk could pull alongside | 


ind transfer their grain | 
rgo to the irradiation ship. Once on | 


the grain would first be packaged | 
ct-proofed bags irradiated and 


| 
then transferred to dock side and sent | 





After satisfying the requirements in 
the Bombay area, the irradiation ship | 
| ior for other ports | 
Calcutta, Djakarta, Tokyo, 
(Alexandria | 
Indian scientists are already working | 





e jute bags impreg- | 
ticide that could | 
a 

containers. If | 


| 
r-prool } olyethy lene ig 


could be thermally 
ovide airtight pro- 
nsects and humidity. | 
lentiful labor sup- 
bags ol this kind 


nient and cheap way 


Lior iong periods of ; 


without elaborate 


lin cover would be 


S. and Europe, where labor 
istif pital investment in large 
ith mechanical han- 
e bags would not 
ract However such coun- 
tI selves of the advan 
liation processing by stor- 
g the bulk irradiated grain in specially 
vators. Brownell 
ssel design, sug 
t self-supporting cylinders of 
ite would be supe- 
to presently used 
structures 
Br | Horne first proposed 
t f irradiating grain in tropical 
[AEA symposium on 
t Cont I Radiation” held in 
Bomba ist December; the interna- 
experts assembled 
or bly to the plan. 
believes that grain 
vay is perfectly safe 
ption, the Food and 
Drug Administration has not yet for- 
1 tl use of radiation on 
ommercial market. 


essary step before 


handle grain. The LY 


Ira 
Ne 
Te 


6} 


tel 


| 


; 


7 
¢ 
. 
, 
: 


° 
7 
- 
o 
¢ 
al 
e 
* 
e 
s 
+ 
e 
@ 


cs 


a 


4 
= 





KIWI-A THREE... the third successful nuclear 
rocket propulsion reactor developed by Los 
Alamos Scientific Laboratory for Project 
Rover. Testing of new designs is continuing 
at an accelerated pace. 


Opportunities exist for engineers and scientists who have had 
experience in the following areas: automatic controls systems, 
computer simulation, electronic aspects of controls systems, 
reactor design and operation, fluid flow control, and cryogenics. 


For employment information send resume to: 
Personnel Director, Division 61-57A 


los@: Jalamos 


“Sy scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
¢ 6° LOS ALAMOS, NEW MEXICO 


} 
| 


ed grains ou 1 be offered to | 
intries 
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Radioactive Dating Measures ‘| 
Age of Industrial Products 





By THOMAS C. GREGSON, SAMUEL W. WAISBROT and SAMUEL D. GEHMAN 


Goodyear Tire & Rubber Company, Akron, Ohio 








Radionuclide-dating techniques many extremely useful applications experiments we prepared nuclide mix- 
which have proved very successful for ‘ tures such as ¢ Mn**, Cl**/Nb 
dating geological formations and ar- How We Time Samples and Te%/Nb*®, which we placed in 
cheological objects (1-6), now offer a To test our theory we have made  planchets and periodically counted for 
possible equally precise method of dat- several experimental tests using beta- activity 
ing industrial products. In our new gamma nuclide pairs as timers and In addition to these tests on planch 
technique we introduce into an indus- transmission techniques to measure the ets, we are carrying out two product 
trial commodity at the-time of manu- nuclide ratioat varioustimes. Inthese application studies to demonstrate th 
facture a selected pair of radionuclides 
—one with a long half-life to act as a 
standard and the other with a shorter Le : i ae 
half-life to be a timer. Thus the ratio | 
of the amounts of these radionuclides Why Date Industrial Products with Radionuclides? 
citecwany ae tenes goven the age of th | Many industrial products must be marked with their dates of manufacture 
: : since one must have an accurate knowledge of the age of a product to interpret | ‘ 
Although we have tested this method ee : 2 pt arts a ea 
é : properly its corrosion and weathering resistance, wearing qualities and deterio 
theoretically and experimentally, wi ration during storage. Since conventional dating methods are often inadequate 
have so far made only preliminary ex- | and for some applications downright impractical—radionuclide dating wil 
periments to demonstrate its feasibility possibly provide a useful method for finding the age of a product 
in industry. How extensive such — Consider, for example, some of the drawbacks in conventional dating 
ever become depends, of course, on the | methods. Surface markings—perhaps the most versatile and widespread 
safety, convenience and precision of the | are easily obliterated through weathering, abrasion or other modes of deteriora- 
methods that we can develop. Our | tion. When marked objects have been painted or buried, they must be re- | 
preliminary investigations, however turned to their original state before the date of manufacture can be read. 
indicate that a broad range of dating In addition, the volume of mass production in many industries, especially when 
applications exists in which our method the items are small in size, makes dating by serial numbers cumbersome, if 
has definite advantages over existing not completely impossible. 
techniques (see box). Besides applications to these specific examples, radionuclide dating has cer- | 
Our results to date indicate that we tain potential uses. For instance, it offers an intrinsic method of dating every 
can determine ages or time intervals | particle in a package instead of just marking the outer wrapping. Thus one | 
using ordinary end-window counting can always determine a reliable age for liquids and powders regardless of the 
and microcurie levels with an error of | "umber of times the bulk supply is separated or transferred from one storage | 
<+5%. Because we are using exempt vessel to another. In addition, the dating method provides a unique way of | 
nuclide concentrations in our product- | measuring the average age of material within a vessel to which periodic with- | 
egg ‘ | drawals and additions of material are made 
application studies, we are now extend- | 
ing our procedure to low-level radiation | Petroleum refinery operations may also use this dating method, especially | 
detection and analysis. Beta and } in those phases of operation that involve tank-farm storage and catalytic crack | 
ae eet : 3 ing Cracking activity, surface area and pore volume of fluidized cracking | 
gamma scintillation-spectrometry tech- | ; : 
: , , | catalysts de-activate and diminish with use (6,7). At such times it is not un- 
es wee — skill by the oper- common for large cracking units to lose catalyst fines in waste stack gases at a ’ c 
ator, more sophisticated methods of rate of 5-10 tons/day. Consequently, to maintain an approximately constant | 
sample preparation and handling and | level of catalyst activity, fresh catalyst is continuously added and spent catalyst 
more expensive equipment. The larg is periodically withdrawn. By using the radionuclide dating technique, the | ! 
variety of possible applications for rates at which fresh catalyst is introduced and spent catalyst is discharged could 
radionuclide timing, however, together | presumably be proportioned to hold the catalyst inventory at an average age 
with the accuracy of the techniqu and thus the activity at the desired level 
indicates that it willfindmanynewand | __ _ ae 
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usefulness, versatility and precision of 
the dating method to industry. In 
these measure the age of 


beta-emitting 


studies we 
dated 
nuclide pairs and measured with low- 


with 


gasoline 
level internal liquid-scintillation count- 
ing me thods and also the age of rubber 
tagged with gamma-emitting mixtures 
asured 


and m«¢ with low-level crystal 


scintillation techniques). 
During the 


pipetted into 


Dating planchets. 
counting procedure we 
chets 

deep 


1.25 in. in 
nuclides in 
30-200 

each 


containing 
ynocuries nano- 10>) in 
a heat lamp the water 
iporated. If 
the 


before evaporation with small amounts 


acid was 


utralized solution 


hvdroxide or sodium 

ening in the base, we 
nehets into a cylindrical 
hamber (2.5 in. in diameter, 
6.75 in. high) that had a vertically 
end-window G-M 
and 


Between the planchets 


tulbx ndow we placed calibrated ab- 
rbers for transmission measurements, 
During the experiment we took daily 
and standardized 
orning by counting a 
source, 


to work 


periods we 


Since we did not have time 


A pi tine 
the experiments 
clides for timers. 
this way bas mathematical and 
ould be estab- 
time We 


beta-gamma- 


nt rinciples ¢ 
relat hort 

tested mixtures f beta- 
g i-emitting nuclides in which 
from ~95 


0.0 


ranged 
periods were 


see table). 


1.77 times the timer half-lite 
lition experimented with 

timer radiation softer 
ndard and the other 
iments we found 
t a standard half-life only six times 
is adequate in one 
rection for the decay 
Lia! snecessary. In gen- 
the age errors diminish with time 
t th theory In addi- 

ors fol parable decay periods 
to incr with increasing nu- 
found that we should 
iwes With an error 


addi- 


het measurements we 


Dating rubber samples. In 
tion to thes 
lated a few rubber samples with radio- 

iclide mixtures by 


evaporating nu- 
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clide solutions on the surface of fully 
compounded, but slabs of 
rubber. After dispersing the radio- 
active residues homogeneously through- 
out the stock by milling it, 
canized sheets of the rubber. 


uncured, 


we vul- 

From 
this sheet stock we cut solid samples; 
we also prepared pulverized samples 
by grinding pieces of the sheet stock ina 
mortar and pestle with liquid nitrogen. 

We ran into trouble when attempting 
to measure the ages of the dated rubber 
mixtures. Because of self-absorption 
within the sample, the nuclide ratio 
that the 
actual ratio; this results from a dis- 


one observes differs from 
tortion of the energy spectra of the 
radiation coming from the surface of 
These difficulties can be 
removed, however, by using mixtures 


and plot standards that appear infi- 


the rubber. 





Age Measurements with Nuclide Pairs 


Vuclide pair Age 
Actual Veasured 
Vu- Timer 
clide half- % 
Timer ratio lives Days Days Error 
Chlorine-36 standard 
Ca 0.44 0.12 20 18.5 7.5 
0.44 0.26 44 12.0 1.6 
0.78 0.38 63 63.8 +1 
5 0.18 0.16 14 12.1 13.6 
0.20 0.42 37 37.5 +1.4 
Mn L327. 6:33 & 67.9 7.8 
P32 3.75 0.42 6 7.5 +25.0 
$3.75 1.06 15 16.1 +7 .3 
1.638 0.42 6 6.2 +3.3 
0.25 0.49 7 8.1 +15.7 
0.25 0.91 13 13.3 +2.3 
0.25 1.55 22 22.0 0 
0.25 2.12 30 30.4 +1.3 
1.94 0.56 S 7.8 6.2 
Y 0.09 0.54 1.3 1.35 +3.8 
0.59 2.71 7.3 7.6 +4.2 
Nb® 0.64 1.18 $1 16.2 +12.7 
” 0.64 2.57 OO 87.2 3.4 
Carbon-14 standard 
Be’ O.82 0.60 3 5.0 0 
" 0.82 0.60 3 2.4 10.0 
0.82 1.93 10 9.7 3.0 
0.82 4.77 24 23.9 0.4 
2.00 10 10.5 +5.0 
Pp 1.22 0.84 12 10.8 10.0 
1.22 1.62 23 22.8 0.9 
2.12 0.84 12 10.0 16.7 
3.13. 1.62 2 21.8 §.2 
0.54 3.45 19 50.4 +2.9 


Technetium-99 standard 
Nb® 1.32 0.52 18 16.0 it .3 


1.32 1.69 59 59.2 +03 
Strontium-90 standard 
Te 0.56 0.08 1038 106.3 3.7 





nitely thick to the hard emitter of the 
nuclide pair. We find that we will 
have to use low-level beta and gamma 
spectrometry to determine the nuclide 
ratios since actual product applications 
in the future will require minimal 
quantities of nuclides to meet the 
exempt 
pending federal regulations. 


concentrations specified by 


Theory of Technique 


By using nuclide pairs in our timing 
method, we remove essentially all the 
difficulties inherent in dating with a 
Since the nuclide-pair 
concept eliminates any dependence on 
the quantity of the mixture of nuclides 
present, it entirely eliminates the kinds 
of age errors for which one normally 
cannot compensate when using a single 
decay curve. These age errors come 
fluctuations in the amount of 
tagged material that we used and from 
losses in the tagged material during use 
or deterioration. 

To determine the relative ratio of 
standard to timer for an age measure- 
ment, one must resolve the mixed radi- 
ation emitted by the pair into its com- 
ponent parts. In essence, one can 
differentiate between two kinds of 
radiation either by plotting an absorp- 
tion curve and separating hard and 
soft components or by using pulse- 
height analysis to discriminate between 


single nuclide. 


from 


high and low energies. 

Because photons are attenuated in a 
purely exponential manner, resolution 
of gamma radiation by extrapolation is 
quite straightforward. Such an 
proach cannot be used with beta emit- 
ters because beta-particle attenuation 


ap- 


is not exponential. One can, however, 
get a linear beta-transmission curve by 
using the Harley-Hallden method to 
plot against one another transmission 
values for a standard and an unknown 
nuclide through several filter thicknesses 
(11). 

If one uses a pair of nuclides, a linear 
segment will appear only after the filters 
completely absorb radiation from the 
soft emitter (Fig. 1). The fraction of 
unfiltered activity contributed by the 
hard emitter (in this case P**) can 
be determined easily since it is the z 
coordinate of the point at which the 
extrapolated linear portion of the curve 
intersects the 100% transmission ordi- 
nate of the plot standard. The frac- 
tion of soft emitter (C™ in Fig. 1) is 
the difference between the 100% trans- 
mission ordinate of the dating mixture 
and the point indicating the fraction of 
hard emitter. 

The general age equation for nuclide- 
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pair age measurements is as follows: 


jini 


(z,) 
log, | — 

T2 — T1 Ro 

(t is age, 7: and 72 are half-lives of timer 
and standard, Rp is initial ratio of 
standard to timer, F is ratio at age ¢.) 
When one uses transmission measure- 
ments, experimental data are put in 
place of the nuclide ratios in this 
equation. 

Since for timing applications one 
needs the extrapolated transmission 
value instead of transmission values 
themselves, we modified the reference 
method by always using the nuclide 
that emits the harder radiation as our 
plot standard. Therefore one deals 
with a linear segment of known slope, 






Transmission of P=@Standard 





Ol; 

f S$) 

C 6 C 
Actual age 0 12.0 230 
B Calculated age - 118 228 

0! 0.1 

Transmission of C'*+ P*? Dating Mixture 
FIG. 1. AGE DETERMINATION using C'' 


P®2 nuclide pair. Ratio of standard (P**) 
to timer (C'*) gives age of dated product 
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FIG. 2. NUCLIDE RATIO AFFECTS ERRORS 
in age measurement. From ratios on 
curves one sees that small initial nuclide 
ratios give most accurate age 


92 


This article starts on page 90 


and since this slope is unity, one can 
calculate the extrapolated transmission 
rather than evaluate it graphically. 
Thus if the maximum beta energy of 
the timer is harder than that of the 
standard and if there is no appreciabl 
decay of the pair standard the age equa- 
tion is modified to 


t ] r 
da® | 
( io ) 


(T,* is transmission of radiation from 
plot standard through filter thickness 
a, Tis transmission from pair through 
same filter, 75, and 7'o,* are values at 
zero time, £; is maximum beta energy 
of timer, F2 is energy standard.) 

Since 7',+/T7, is the ratio of the ordi- 
nate to the abscissa in Fig. 1, only two 
transmission values, each at times zero 
and ¢t, are needed to determine the age 


ort an objet t 


Choosing Nuclide Pairs 


The ultimate choice of nuclide pairs 
depends on the counting equipment, 
availability of pair species, compati- 
bility of chemical forms with the prod- 
uct to be dated, length of age period 
that 
different nuclides may some day be per- 
mitted to have 

The list of nuclide pairs to choose 


and the varying concentrations 


from is large (12 Although one may 
want to use a parent-daughter combi- 
nation for some applications, such a 
pair is not always as useful as one might 
hope. The number of parent-daughter 
pairs suitable for timing may be quite 
radiation 


restricted because (a) the 


from the pair may not have an energy 
spread large enough to determine the 
nuclide ratio and (b) the useful age 
span is limited to less than the time 
needed for radioactive equilibrium to 
occur between parent and daughter. 


In addition parent-daughter pairs that 


meet all of these specifications may 
then have to be 


chemical considerations. 


rejected because of 


Errors in Age 


Of prime concern in any age measure- 
ment is the precision one can expect. 
The radionuclide-dating technique has 
several rather obvious sources of error: 
uncertainty in accepted half-life, statis- 
tical fluctuations in counting rate and 


radioactive contaminants. The maxi- 


mum errors in age calculated from 


Al Tt, AR 

2.884 —) - 

t ’ & 

diminish in magnitude as 1/¢ as aging 
progresses. 

Figure 2 shows the dependence of 
age errors on the combined contribu- 
tions of elapsed time and nuclide ratio 
(13). Two assumptions are necessary 
to get actual values for relative errors. 
that the 
of the pair standard equals 


These assumptions are first, 
activity 
that of the background, and second 
that the ratio of the energies of timer 
that 


radiation is trans- 


and standard radiations is such 
80% of the timer 
mitted through a filter thick enough to 
completely absorb radiation from the 
standard. These 
tions; the first is required so that per- 


are realistic assump- 


missible product-dating concentrations 
will not be exceeded and the second is 
typical of a C'*/P 

It is clearly advantageous to work 


pair. 


f 


initial nuclide ratio o 


Note that minimal 


with a small 
standard to timer 
errors are encountered in time inter- 
timer 
I 


between one and five 


half-lives that 
1.0 to 0.25 art 


vals of 


nuclide ratios <« 


and 


from preferable. 


Age errors | iuse of a radioactive 


contaminant in the dating mixture can 
be particularly troublesome when the 
contaminant radiation has an energy 
that makes difficult its resolution from 
that of either member of the pair and 
when its half-life is greater than that of 
the timer species. We have investi- 
gated age errors anticipated on the 


basis of contamination in the initial 


mixture with from 1 to 10 parts of a 
nonrelated species per 100 parts timer 
species as well as those induced by the 
self-generation of a daughter species. 


These errors in age an be computed 


from 
At T 
1.442 r 
t t 
] 
when re 
10 


(7 is half-life ratio cf timer to nonrelated 
contaminant species, r is concentration 
If r 
times the exponential term is greater 
than one tenth, Eq. 1 exaggerates the 
magnitude of the errors. The time 
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ratio of contaminant to timer.) 





ne(number timer half ves 


FIG. 3. CONTAMINANT AFFECTS ERRORS 


in age measurement Curves, computed 


} 


from Eq. 1 in text, show time dependence 
of age errors from contamination. J is 
half-life ratio of timer to nonrelated con- 


taminant species 


rror, computed 

the equat wn in Fig. 3. 
Genel peat t error contribu 
{ I laughter growth 1s 


more serious 


be mini- 
surements are 
f 1-5 timer 


i mecentra 


i the dat 
that of the 
0O.1-1.0 are 
sunting 
t ito elimi 
\ vel pall 
so that th 
2 ratio dur 
- is 
1 1a 
f ( pany 
fe 1K¢ 
hich I 
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i 1 \ I 
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sealer This combined scaler and timer 


incorporates a stabilised Hv 
supply for a Gm. tube or Scintillation Counter, a 
high gain input amplifier and a pulse height analyser. 
A ratemeter facility is provided and the timer can 
be used as a second scaler with its own pulse height 
discriminator. The timing system is referenced 
to the mains frequency but provision is made for an 
external frequency standard to be used. H.T. and 
L.T. supplies are available for external counter 
amplifiers. With the addition of a suitable radiation 
counter it forms a complete counting and timing 
equipment for most purposes. The centre unit may be 
modified to extend the facilities to automatic sample 
changing and printing systems and an external 
Head Amplifier is available for proportional countings. 





For full information on the N610 Scaler, 

or on any of the wide range of Ekco Equipment 
used in research, medicine, aviation and 
industry in more than 80 countries—write to 


lglectronies Ltd. 


Southend-on-Sea, England. 
In U.S.A., contact associate company : : 


American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
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Activation Analysis Handbook 

By R. C. KOCH (Academic Press, New York, 
1960, $8, x + 219 pages) 

Reviewed by Vincent P. Guinn, Shell 
Development Co., Emeryville, Calif 

This book is essentially a tabulation 
not a text; of its 219 pages, only 19 are 
devoted to explanatory material. The 
purpose of the book is best expressed 
by its author on page 1. He writes: 


Its purpose is to present a tabulation 
of the published data pertinent to acti- 
vation analysis. In particular, this 
tabulation includes for each element: 
(1) data for activation analyses utiliz- 
ing thermal and fast neutrons, chargea 
particles, and photons; (2) nuclear 
data for these reactions; (3) nuclear data 
for other reactions potentially useful for 
activation analysis; (4) nuclear data for 
possible interfering reactions; (5) 
evaluations of these reactions; (6 

sensitivities for the more important 
neutron and charged particle reactions 
for each element; and (7) complet 
bibliographical referencing for all of 
the data presented. 


This thorough tabulation contains 
166 pages and covers essentially all of 
the literature (to September, 1959) on 
nuclear reactions induced in stable iso- 
topes (and long-lived natural radio- 
isotopes) by thermal and fast neutrons, 
protons, deuterons, alpha particles and 
photons of moderate energy. In addi- 
tion, the 13 pages of bibliography con- 
tain 570 references to the literature of 
activation analysis, nuclear reactions, 
cross sections and nuclear-decay data. 

From the standpoint of a person 
actively engaged in activation analysis, 
I find this book to be a thorough, well- 
organized and useful tabulation of data, 
as well as an excellent guide to the 
literature of the subject. 

The field of activation analysis is one 
that should grow by leaps and bounds 
during the next few years. With the 
recent advent of low-cost ($20,000) 
accelerators and highly-versatile 
multichannel pulse-height analyzers 
($10,000-$20,000), many 
laboratories can and will begin to make 
use of activation analysis. The recent 
availability of relatively low-cost 
($150,000), but high-performance, nu- 
clear reactors will also spur on the use 
of activation analysis in many fields of 
science and industry. In our labora- 
tory, for example, a system of purely in- 
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EEAOKSHELP 


strumental thermal-neutron activation 
Van-de-Graaff 
multichan- 


1 - ") 
analysis using a 3-Mevy 


electron accelerator and a 


nel analyz r has been in satis- 
operation, 40 hours per 


Recently, 


very 
factory routine 
week, for over two years. 
we augmented this program with a sys- 
tem of activation analysis using 14-Mev 
neutrons produced by a 150- 


kev Cockcroft-Walton deuteron accel- 


low-cost 


erator. This system, too, is proving 
very useful. 
As more and more laboratories dis- 


cover the possibilities of activation 
analysis in their particular fields, and 
find that the cost is no longer prohibi- 
tive, this method will rapidly 
The “Activation Analysis Handbook” 


should prove to be a helpful tabulation 


PTOW 


to literature for the 
into the field of 


activation analysis, as well as for those 


of data and guide 


many new entrants 


already engaged in this work. 


Digital Computers and Nuclear 
Reactor Calculations 

By WARD C. SANGREN (John Wiley & Sons, 
New York, 1960, $8.50, xi 208 pages) 

This book is an excellent tutorial re- 


view of the use of high-speed digital 
computers in the reactor-design field. 
The first four chapters, which are gen- 
eral enough to serve as an introduction 
to high-speed calculations in any field 
science, 


with the 
problems of reactor design, the nature 


of engineering or physical 


orient the beginner briefly 


of digital computers and, in more detail, 
with the steps involved in computer- 
Accord- 


ing to the author there are three basic 


izing a technical calculation. 
steps in this operation: (1) converting 
the physical problem to a mathematical 
one; (2) putting the mathematical 
form amenable to 
and (3) 


ming the numerical analysis problem 


probl m into a 


numerical analysis; program- 
on the computing machine. 

Chapter 5 gathers together what has 
been said so far to carry the reader 
through the digital solution of a well- 
reactor calculation 


chosen practical 


concerning fission-product poisoning. 
The remaining three chapters are a 
survey of the more prominent reactor 
calculations presently carried out on 
digital computers. In these chapters, 
the emphasis is on establishing mathe- 
matical models, with some discussion 
and relatively 


of numerical analysis 


little on the mechanics of programming. 





The author makes only brief reference 
to typical existing codes that solve the 
problems discussed. While it would 
be impractical in this book to provide 
a definitive survey of existing codes, 
the author could have 
dwelled at 


these code 8 to give 


profitably 
greater le ngth with a few of 
the neophyte a moet 
quantitative feeling for their capabili- 
ties and the time and effort required to 


develop and operate them. As it is 
the reader is left with little appreciation 
of the vast difference in complexity 
between, say, a one dimensional 2-re- 


gion, 2-group code and the three dimen- 

sional multiregion, multigroup lifetime 

calculations now under development 
Although the 


placed the profusion of existing reactor 


1uthor may not have 


codes into as clear a perspective as 
many readers would want, he has un- 
doubtedly succeeded in the more sig 
nificant task of elucidating the princi- 


ples and techniques basic to the work 


of creating these codes HLD 
Dynamic America 

Edited by JOHN NIVEN, COURTLANDT 
CANBY and VERNON WELSH (General Dy- 


namics Corp. and Doubleday & Co., Inc., New 
York, 1960, $20, 426 pages) 

There have been company histories 
written before; there have been nos- 
talgic 
about the good old times; 


albums dedicated to reminiscing 


there have 


been fancy editions concentrating on 
their graphic-arts content and aimed 
at making an impression on_ biblic 
philes, Now comes a book that not 
only combines all three but sets a new 
high standard in each. And it is the 


history of a leading company in the 


atomic field—a con five of whose 


ipany 
eight divisions deeply involved in 
nuclear activities 

“Dynamic America”’ is subtitled ‘A 
history of General Dynamics Corpora 
tion and its predecessor companies.”’ 
It is of 
industrial 


1SSO 


course much more. It is an 
history of the U. S. sine 
than 


but it is surprising 


selective rathe1 comp! 
hensive, to be sure 
how broad is the canvas covered in just 
tracing the areas in which General 
Dynamics’ constituent companies have 
operated. 

vimiring the lavish 


Sut in just 


beauty of the book’s color illustrations, 
design and printing, one can easily lose 
sight of the fact that the text is well- 
planned, excitingly written history that 


ittention If the book’s 
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commands 


over-all space allotment is perhaps a 


mite unfair to General Dynamics’ 
Liquid Carbonic and Materials Service 


divisions to favor the more glamorous 


stories of the development of the alr- 
plane and the submarine, this in no 
vav lessens its interest for the general 
reader JK 


BOOKS RECEIVED 


Kernenergie-Technik, by H. Engel and 
K. O. Thielheim (Verlag Moderne 
Indust1 Miinchen, 1960, DM 36, 299 
pages For readers of German, this 
dition 1s a fin to the 


ineering of reactors. 


introduction 
pl S1CS ind eng 


Aimed primarily at 
written at a level useful for 


engineers, it 1S 
college 
is scientists in other 
three 


engineering founda- 


nes Tl book’s parts 
tions, particular reactor types, and 
conol considerations, with a final 
hapter on fusior Text, 


phv show familiarity with 


illustrations 


Fret | h as well as German 
es and nu ir facilities, but the 
rity of the book’s 


liscu Ss based OI American work. 
JK 


Elements de Physique Nucléaire, by 
1) B | Georges Ambrosino 
\I & ( Paris, 1960, 30 NF, 238 

| i preface of this textbook 


principles ol 


Henri Baissas, director 
IY h Akt Fontenary-aux- 
center, points 
of its 


Joliots, 


that rear lONICALLV, 1n spit 
Perrins, 
Frat 4 } ract Lil ho 

ther than transla- 


This book 


it Intended primarily for 


treatise on 


is also especially 


Sa ints out, to engineers 


the field who have not had formal 
ti n nuclear physics, 

to people in industry using radio- 
t rhe book concen- 

trat erimental results, de- 
the theoretical deductions: 
mathematics and 

ilas necessary for practical use in 
endix furnishes use- 
mversion tactors. 


JK 


Power Reactor Technology, edited by 


James K. Pickard, Frederick H. War- 
\\ il \\ Lowe and Stuart 
\lceLa D. \ Nostrand Co.. Inc.., 


Princeton, N. J., 1961, $11.25, ix + 417 


This new addition to the 
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‘Second Geneva Series on the Peaceful 
Uses of Atomic 
edited versions of some of the impor- 


Energy” contains 
tant reactor papers presented at 
Geneva. Since the conference stressed 
reactor-design factors rather than oper- 
ating results, this book is a convenient 
the 
proaches used in the leading nuclear 


reference to initial design ap- 


power plants throughout the world. 


Materials for Nuclear Engineers, 
edited by A. B. MeIntosh and T. J. 


Heal (Interscience Publishers, Inc., 
New York, 1960, $11.85, ix + 373). 
Following an introductory chapter that 
discusses general nuclear uses and 


properties of materials, members of the 
UKAEA discuss individual character- 
istics of uranium, thorium, plutonium, 
fuels, magnesium, 


ceramic graphite, 


beryllium and zirconium. This com- 
prehensive book gives both new avail- 
able these 
theoretical discussion of the properties 


of the 


data on materials and a 


materials. 
Proceedings of the 1960 Annual Inter- 


national Conference on High Energy 
Physics at Rochester, edited by E.C.G, 


Sudarshan, J. H. Tinlot, A. C. Melis- 
sinos (University of Rochester and 
Interscience Publishers, Inc., 1960, 


This 
tains the invited papers and ensuing 
fochester Meeting 


$13.50, S90 pages). volume con- 
discussions of the 


last August and Septem be I 


ALSO OF NOTE 


Management Control of Special 
Materials in Nuclear Installations 
IAEA principles 


cedures in handling uranium, thorium 


indicates and pro- 


and plutonium. 99 I nterna- 


pages. 
tional Atomic Ene rgy Age ney, | vena, 


Austria. 


1960 Nuclear Data Tables, Part 3 com- 
piles nuclear-reaction graphs and data 
from published and unpublished liter- 
ature into a convenient collection for 
nuclear-reaction experimentalists. 
Subjects covered are energy loss in 
matter by charged particles, scattering, 
neutron sources, gamma _ detection, 
radiology and shielding, among others. 
Superintendent of 


S. Government Printing 


$1.25, ISl pages. 
Documents, U. 
Office, Washington 25, dD. [.. 

Radioactive Substances in the Bio- 
sphere gives detailed information for 
finding the total level of radioactivity 
large 


ovel areas of the biosphere: in 





water (rivers, lakes, oceans, wells, tap 
water), rain, snow, air, food and 
humans. 43 pages. International 
Atomic Energy Agency, Vienna, Austria. 


Radiological Health Handbook. A 
revised edition contains a revised table 
of isotopes, half-lives, decay schemes 
and an expanded glossary. $3.75. 
Office of Technical Services, U. S. De- 
partment of Commerce, Washington 25, 
Ot. 


Nuclear Fusion, carries quarterly papers 
on international fusion work. In the 
first issue are articles on plasma theory, 
wave phenomena and oscillations. 68 
pages, $10 annually. JAEA, Vienna, 
Austria or International Publications, 


Ine., 801 Third Ave., New York, N. Y. 


Iberia Translations in the Space Age 
announces translations from Russian, 
German, Japanese, Chinese, and Polish 
of foreign scientific and technical books, 
journals, papers, technical magazines 
and films. Jberia Translations, 130 W. 
57th St., New York 19, N.Y. 


Bibliography on Industrial Radiology 
1958-1960, by Herbert R. Isenburger. 
This 8th supplement to ‘ Industrial 
Radiology” (John Wiley & Sons, New 
York, 1943) contains 693 references on 
publications in the field. Among 
others, are references from September 
1960 Conference on the Use of Radio- 
isotopes in the Physical Sciences and 
Industry in Copenhagen. $4. St. 
John X-Ray Laboratory, Califon, N. J. 


Radioisotopes in World Industry; Ab- 
stracts of Selected Foreign Literature 
(TID-6613). Containing 658 ab- 
stracts from foreign-language literature 
during 1958 and 1959, this bibliography 
indicates the extent to which radioiso- 
tope technology and industrial applica- 
tions are reported in foreign language 
publications. $2.50. Office of Techni- 
cal Services, U. S. Department of Com- 
merce, Washington 25, D.C. 


International Summer Course in 
Plasma Physics 1960 contains the sub- 
ject matter and lectures of the course 
given in Risé, Denmark last summer. 
The lectures cover such subjects as sin- 
motion, magnetohydro- 
dynamics, fundamental 
stability, relaxation, radiation, thermo- 
nuclear aspects, pinch and shock, ap- 


gle particle 
equations, 


paratus concepts, plasma waves and 
diagnostics. Available on exchange: 
Library, Danish Atomic Energy Com- 


mission, Risé, Roskilde, Denmark. 
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NUCLEONICS’ Survey of New Labeled Compounds 


STS ano MATERIALS | 





Supplier 
Isotopes Specialties Co. 
Div. of Nuclear Corp. of 
America 
P. O. Box 688 
Burbank, Calif. 


Merck Sharp & Dohme 
560 De Courcelle St. 
Montreal, Canada 


New England Nuclear Corp 
575 Albany St. 
Boston 18, Mass. 


Nuclear Research Chemicals, 
Inc. 

P. O. Box 6458 

Orlando, Fla. 


Radiochemical Centre 
Amersham 
Buckinghamshire, England 


Twentieth Century Electronics 
Ltd. 


Croydon, Surrey, England 


U. 8. Nuclear Corp. 
P. O. Box 208 
Burbank, Calif. 


Volk Radiochemical Co. 
5412 N. Clark St. 
Chicago 40, IIl. 


* Cost on request. 


Specific 
activity P 


c/im VW 


rice 


(3S mc) 


2-dinitropheny] hydrazine-( 1-5 1,740 
l-asparagine-C!* 1-5 950 
dihydroxyacetone-1-( 1-5 S00 
dihydroxyaceton¢ -'2-( 1-5 900 
versene-C'*, ethylene diamine 1-5 600 
alkylbenzenesulfonate-S 1-2 395 
benzoyl-D,; chloride (99 D 175/5 gm 
malonie acid-1, 3-C 1.3 300 
malonic acid-2-C!4 | 320 
ethylene-1-D (98% D 150/liter 
chioroacetamide-D, (98% D 375/5 gn 
l-methionine-S*5 1-5 75 
dl-tyrosine-3-C!4 ] 550 
l-proline-3, 4-H 0 100 
300/5 me 

dl-mevalonic-5-H? acid 25 225/5 mc 

DBED salt 
5,5-diphenylhydantoin-4-C'* 1-5 850 
acrylonitrile-1-C! l 800 
isoprene-1-C!4 l 1,200 
styrene-7-C!4 1-5 650 
toluene-1-C' (ring) 2-10 450 
trypan blue-C'# 2,000 
dl-tryptophan (benzene ring- 

U-C} = 
dl-ethionine-T (G 50* 
deoxyuridine (nominally 

5,6-T 400* 
lithium borohydride-T 100* 
tryptamine-T (G 25* 
boron-11 (isotope enrichment 

98 & 
galactose lomly labeled 2-7 
glyceric acid-3-Cl, 2-4 
phenobarbital-2-Cl, 2-4 
pentaborane-T 7-10 
diethyl ketone-C!® 60% 
acetone-1,3-T 350 145/20 me 
dl-alanine-2,3-T 150 145/5 me 
glycine-2-] 150 145/5 me 
indolylacetic-T acid 100 145/5 me 
sodium borohydride. 50 145/10 me 





lium: a commercial grade with 0.5% 
BeO and a very pure beryllium metal 
with 0.08% BeO. Extruded 
and rods made from this purer beryl- 
lium have double the yield strength in 
the direction of extrusion of comparable 


tubing 





drilled tubing or hot-press rods Gen- 
eral Astrometals Corp 320 Yonkers 
Ave., Yonke ra... 2. 
2 4 
>: Seer 
7 - - . - 
+ a -~ o ~~ cm 
% . - . os -* ¢ 
oe = wm FLEE sw 
 & so e % e* ee 
eo PF eeoe * 42. 














Beryllium for Nuclear Uses 

Because in the past beryllium was brit- 
tle and did not weld easily, its applica- 
tion to nuclear fields was restricted. 
Now General Astrometals Corp. is 
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offering a purer grade of beryllium that 
has much greater strength, better toler- 
ances and corrosion resistance and is 
more ductile and more easily welded 
than Astro- 
metals offers two pure grades of beryl- 


earlier grades. General 


512-Channel 
\lodel ND 120 rack 


Analyzer 


mounted analyze! 


above) has 10° count capacity and 
accessible circuitry The analyzer is 
based on Nuclear Data’s 256-channe 
analyzer, but has various circuit im 
provements.—Nuclear Data Inc., P. O 
Box 1464, Madison, Wis 


Elk River’s New Stainless-Steel 
Clad End Closure 


= , an 
ie | i 





END CLOSURE FOR REACTOR weighs 13!5 
tons; inside dia. of head is 84 in.—Lukens 
Steel Co., Coatesville, Pa. 


Finned Reactor Tubing 


Straight or spiral integral finned tubing 
for fuel elements and heat exchangers 
are made in austenitic stainless steels 


nickel 


Tubes with up to 8 fins come 


nickel, alloys, titanium and 
zircaloy 
in sizes from 14 to !4 in. diameter with 


wall thicknesses from 0.030 to 0.060 in. 


The maximum length for straight 
finned tubing is 24 ft; spiral tubing is 
limited to 10-ft lengths.—Superior 


1552 Germantown Ave 


Tube Co., 
Norristown, Pa 


June, 1961 - NUCLEONICS 





f 
N 
— = 
INTERNATIONAL 
ATOMIC 
ENERGY 
AGENCY 


a 


Publications on the Peaceful 


Uses of Atomic Energy 


The International Atomic 
Energy Agency is an auton- 
omous, inter-governmental 
organization within the 
United Nations family. Its 
basic task is to “accelerate 
and enlarge the contribution 
of atomic energy to peace, 
health and prosperity 
throughout the world,” and 
its activities include train- 
ing, technical assistance, 
supply of materials and fa- 
cilities, promotion of re- 
search, dissemination of in- 
formation, establishment of 
health and safety regula- 
tions, and application of 
safeguards against the di- 
version of its assistance to 
non-peaceful uses. All Mem- 
ber States of the Agency — 
numbering 74 in April 1961 
— are represented on its 
General Conference, while 
some of them — 23 at pres- 
ent—constitute its Board 
of Governors. The Agency's 
headquarters are in Vienna, 
Austria. 





For orders, inquiries or cat- 


aloques please write to: 


The National Agency for 


INTERNATIONAL 
PUBLICATIONS, INC. 


803 Third Avenue, N. Y. 22, N. Y. 
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METROLOGY OF RADIONUCLIDES 


Detailed proceedings of a Conference, with a survey of the routine methods of standardization 
of radionuclides and of new developments in absolute measuring methods for their standardiza- 
tion, e.g. for alpha- and beta-emitting nuclides, gamma-counting, neutron source calibration, 


etc. 480 p., $5. 
NUCLEAR ELECTRONICS 


Complete proceedings of a Symposium on a number of topics such as: scintillation radiation 
detectors, reactor control, measurements, equipment for protection of personnel and prospection 
pulse techniques, transistorized equipment, standardization and components, etc. 2 Vols., 
826 p., $8. 


MEDICAL RADIOISOTOPE SCANNING 

Detailed proceedings of a Seminar on the theory of isotope scanning, problems of collimation, 
photoscanning, basic principles of scintillation counting, scintillation camera, scanning in non- 
cancerous thyroid disease, profile counting, etc. 276 p., $4. 


LARGE RADIATION SOURCES IN INDUSTRY 

Complete proceedings of a Conference dealing with the new techniques and. results in the use 
of radiation as a direct agent in initiating industrial chemical processes, one of the most effective 
ways in which nuclear energy can help economic development. 2 Vols., 894 p., $9. 


DISPOSAL OF RADIOACTIVE WASTES 

Detailed proceedings of the most comprehensive scientific Conference on this matter ever held. 
The nearly 70 papers presented cover virtually every aspect of this complex and occasionally 
controversial subject, thus forming the most exhaustive treatment of it at present available. 
2 Vols., 1196 p., $12. 


CODE FOR REACTOR COMPUTATIONS 

Complete proceedings of a Seminar on such topics as the use of high- and low-speed computers 
for reactor problems, numerical and statistical methods, existing and planned libraries of reactor 
codes and the possibility of a universal language to facilitate coding and to achieve inter- 
changeability of codes. 548 p., $8. 


SELECTED TOPICS IN RADIATION DOSIMETRY 


Detailed proceedings of a Symposium on problems related to exposure and absorbed dose, new 
developments in dosimetric instrumentation and methods, ionization chambers, scintillation 
devices, dosimetry for mixed neutron-gamma radiation, dosimetry on critical assemblies, etc. 


600 p., $9.50. 
DIRECTORY OF NUCLEAR REACTORS 


All basic data on power, research, test and experimental reactors in operation or construction in 
Member States, presented under such headings as reactor physics, core and fuel element, core 
heat transfer, control, reactor vessel and overall dimensions, and reflector and shielding. 3 Vols., 


988 p., $i. 
INTERNATIONAL DIRECTORY OF RADIOISOTOPES 


First comprehensive world catalogue of sources of supply, chemical and other details relevant to 
the ordering of isotopes, and complete information on the labelled compounds of C'*, H?, I'?', 
P?? and S**. 2 Vols., 522 p., $6.50 


RADIOISOTOPE TELETHERAPY EQUIPMENT 

Data on engineering characteristics, source output, cost, etc., of teletherapy units used in certain 
Member States for the treatment of malignant diseases. Invaluable to hospitals, medical services, 
radiologists, isotope producers, etc. 128 p., $2. 


HEAVY WATER LATTICES 


Records of the meetings of a Panel of experts in this field, in which the various experimental and 
theoretical techniques employed in different laboratories, plans for new high-temperature, high- 
flux facilities, and other topics were discussed. 144 p., $1.50. 


SAFETY SERIES 

No. | — SAFE HANDLING OF RADIOISOTOPES 

Prepared by an international group of experts this Manual covers medical, technical and organ- 
izational aspects of safety practices and deals with maximum permissible levels for exposure to 
radiation, monitoring and records, accidents, etc. 100 p., $1. 


No. 2 — SAFE HANDLING OF RADIOISOTOPES — HEALTH PHYSICS ADDENDUM 
Contains technical information needed by health physicists in implementing the controls recom- 
mended in the Manual. A valuable feature is the Annex of useful data in the form of tables, 
diagrams and illustrations of instruments. 120 p., $1.50. 


No. 3 — SAFE HANDLING OF RADIOISOTOPES — MEDICAL ADDENDUM 

Compiled by the Agency's Secretariat on the basis of material prepared by two experts and 
contains technical information needed by medical officers in implementing the controls recom- 
mended in the Manual. 80 p., $1.50. 


NUCLEAR FUSION 


—Journal of Plasma Physics and Thermonuclear Fusion 

A quarterly international scientific journal published by the Agency and devoted to presentation 
of original and review articles on this subject. The two issues so far published include articles on 
plasma oscillations, energy distribution of neutrons produced by thermonuclear reaction, statis- 
tical thermodynamics of plasma and fluctuation of plasmas. Annual subscription, $10. 
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NONDESTRUCTIVE TESTING 


Just Out. Today’s meth- 
ods of nondestructive test 


ing—together with the ad- 
vantages and _ limitations 
of each—are clearly ex- 


plained in this authorita- 
tive book. Helps you more 
effectively determine the 
physical properties t 
nonuniformities in physical 





propertics, ol material 
f ere is a_ working ip 
plied approach that out 
eee the what, why, how 
when, and where of th 
rapidly developing tech 


nology. Covers visual test 
ing, liquid penetrant in 
spection, ultrasonics, eddy 
current techniques, and a 
wealth of other topics 

& McGonnagle, Argonne National 
57 pp., 413 illus., 65 tables, $15.00 





By Warren 
Laboratory. 


PLASMA PHYSICS 


Just Out. Here is broad coverage of the field of 
plasma physics providing facts and data on such 
areas as quantum oe oe, controlled 
nuclear fission, and the aerodynamic aspects of 
magnetohydrodynamics. amples of current 
plasma physics research are discussed and actual 
methods are outlined. The electrical properties 
of high altitude shock wave plasmas, examples 
of microwave plasma calculations, relativistic 
self-focusing streams, and the statistical mechan- 


ics of plasmas are among the many topics 
covered. By James E. rummond, Boeing 

ientific Research Laboratories. 386 pp., 92 
ilius., $12.50 


MODERN PHYSICS 
FOR THE ENGINEER 


Just Out-2nd Series. This reference brings you 
advanced aspects of today’s physics that have 
application in tomorrow’s engineering. Main 
sections treat the laws of nature, man’s physica! 
environment, and technology. Nuclear shel! 
structure, electron scattering, particle accelera 
tors, electrons and nuclei in ideal crystals 
superconductivity, and magnetohydrodynamix 
waves are among the subjects covered. The book 
also discusses radio astronomy, the origin of the 
earth’s magnetic field, controlled thermonuclear 
fusion, nuclear reactors, and other areas 
Edited by Louis N. Ridenour; and William A. 
ape Univ. of Cal., Berkeley. 2nd Series 
400 pp., 190 illus., $9.50 


ELECTRONICS AND 
NUCLEONICS DICTIONARY 


Just Out—Provides definitions of over 13,000 
terms—accurately and clearly defined, ranging 
from television to avionics, from nuclear engi- 
neering to space electronics. All definitions are 
in accord with authorized usage of engineering 
organizations, and the book also covers spelling 
and hyphenation. Here is reliable access to 
— meanings of new words that have evolved 
rom modern technical advances .. . easy ref- 
erence to engineering and military abbreviations 
By Nelson Cooke, Cooke Engineering Co.; 
and John Markus, Dictionary Department, Mc- 
Graw-Hill Book Co., 542 pp., 452 illus., $12.00 








10 DAYS' FREE EXAMINATION 

| McGraw-Hill Book Co., Dept. FNU-6 | 
327 W. 41st St., New York 36, N. Y. 
Send me book(s) checked below for 10 days’ | 
examination on approval. In 10 days I will 
remit for book(s) I keep plus few cents for | 
delivery costs, and return unwanted book(s) | 
postpaid. (We pay delivery costs if you remit 
with this coupon—same return privilege.) | 

{] McGonnagle—Nondestructive Testing 
$15.00 | 


| 

I 

I 

| [] Drummond—Plasma Physics—$12.50 
(] Ridenour & Nierenberg—Mod. Physics for 

| the Engineer, 2nd Series—$9.50 

| [] Cooke & Markus—Elec. & Nucl. Dict 

] $12.00 

I 


[ 

I 

DS 6 ctbabebeeersseseeneieesenves l 
RN aheShc nek eenenwedwens Zone... .State I 
ee ! 
POE. osc cccsccnes ! 
l 

! 


For price and terms outside U.S 
N.Y.C. 36 


write McGraw-Hill Intl FNU-6 





ee | ' 
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Products and Materials 


Radioisotope Training Kit for 
Students’ Experiments 





, i. Lis. 
RADIOISOTOPE EXPERIMENTS on the under- 
graduate level can now be done with this 
training set. The kit contains a sccler, 
timer, G-M tube and mount, teacher's and 
student's manuals, two sample-preparation 
sets, a solid radioactive source set and 
radioactive reagents.—Nuclear Chicago 
Corp., 359 Howard Ave., Des Plaines, III. 


Portable Survey Meter 


189 Thvac I] 
with transistors, offers 


Portable Mode] survey 


meter, compl te 


interchangeable G-M or scintillation 
probes for detecting and measuring 
radiation. The 4-lb meter has sensi 

tivitv ranges of SOO, 8.000 and 80.000 
epm. Four D-flashlight batteries sup- 
ply power.—Victoreen Instrument Co 

5806 Hough Av Cleveland 3, Ohio 
New Nixie indicator tubes. New 
series of tubes have flattened tube faces 
and cutaway anodes so that the cathode 
numerals can be piace d highe I These 
changes have increased the viewing 
angle from 90 to 160 deg.—Burroughs 
Corp., Plainfield, N. J 


De partn ent starts 





on page 


Charge-Sensitive Preamplifier boy 
Because of its charge-sensitive feed- 
back configuration, the Model 1LOOA 
Preamplific ris ideal for use with semi- 
conductor radiation detectors. The 
charge sensitivity: varies < 10° ove! 
the detector capacity range of 0-1,000 
ul; noise Is equivalent to 600 electrons 
rms with a 10-uuf detector and 1-pse 
shaping networks. Risetime is <0.1 
usee With detector capacities of 3500 
uuf.—Tennelec Instrument Co., P. O 


Tenn 


Box 964. Oak 





14,000-Ib aluminum ingot. Four of 
these giant ingot Lbove the largest 
ever poured, will be used in the Rover 
Program to develop a nuclear rocket 
Kaiser Aluminum, 300 Lakeside D 


Oakland 12, ¢ 


Radiation Monitoring for Hallam’s 75-Mw Nuclear Power Plant 


RADIATION MONITORING SYSTEM has central control unit (right) that records immediately 
radiation level in air from remote monitoring units (left) placed at strategic locations through- | 
out plant,—Victoreen Instrument Co., 5806 Hough Ave., Cleveland, Ohio. 
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detector, allows a G-M tube and a 10-*-10* r/hr can be measured—Inter 
scintillation probe to be connected technique, 52 Wall St., New York. 
simultaneously. The circuit operates N. Y. 
from a rechargable battery. A plug on 
the rear panel connects the charger Portable pulse-height analyzer. 
directly to a 127-volt or 220-volt a-c | Model 404, a 400-channel pulse-height 
power supply. Ratemeter has 3 analyzer, weighs 30 lb, contains tran- 
ranges: 0-10, 0-100 and 1-2,000 cps; _ sistors and accommodates four detec- 
scaler has single range of 0-500 counts. tors at once. Each input has its own 
Logarithmic d-c amplifier covers 6 amplifier and gain control; data are 
decades with a drift <'{o decade from _ stored in a magnetic core memory sys- 
—40 to +70° C. Radiation doses of (Continued on page 100) 








Neutron detection foils (above) offer a 
hod bsolute neutron-flux 


2% accuracy. 


NEW ALL SOLID STATE 
DECIMAL SCALERS 
UP TO 10 Mc/sec 


) 


Ci liu balt, plutonium, ura- 


r-graphite and alumi- 

vith cadmium 

sulfur-foil gon- 

t is i tlibrated source. 


\ t-General Nucleonies, P. O. 





MODEL ECH 6 T 


© 6 interchangeable decades 

® Scaler resolution: 1 us or 0.1 us 

® Storage: 10° counts 

® Optional mechanical register 

© Stop at preset count 

* Input polarity: negative or positive by a switch 
* A gate is provided to start or stop 

® Reset possib'e by external pulse 





Pocket-size dose-rate alarm. Com- 





FIDO has an adjustable trigger 
t sets off a siren alarm audible 
(1) I hen it re ords danger- 


The solid-state ’ 
tose-rate ranges ol 4 


0-10 ( trols for Radiation, 






eeenenenit 


cs 


0 A Brook Parkway, 


MODEL 
ECG 3 T 





ae 
@ 


Do-it-yourself periscope. With Koll- 


components, , oes ; 
* Scaler for Geiger-Miller or scintillation counting 


* High voltage adjustable from 200 to 2,000 Volts 
Stability 5/10,000 for 10% line variation 
* Storage: 10 counts 3 decades plus a mechanical register 


* Resolution of the scaler: 2 usec | 


lr own precision 
or under-water 
P es can be built with 


figuration; l'o-, 3-, 


Ww 
») 
o 
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8) 
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ypes are available. * Two operating ways: preset count from 10 to 10” counts 








kK rg ( p., Northampton, preset time: 1 second to 2 hours 

| S.A.1.P. /38, rue Gabriel Crié-MALAKOFF (Seine) FRANCE 
Portable detector and battery ampli- Tel: ALEsia 87-20 + Telegram, SAIPHY-MALAKOFF 
fier, DT-10 transistor, multiprobe a a a a a 
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Gadoliniun, on ag hee chlori 








Galactoni one, Gala 
loride taacetat 
ethanol llic aci 
Gallium lium nit 


Gallocyanin, Gallophenine, Ga 












hydrol e, Gel | 
acid, e, Ge 
ethano isic a 


+ nein } nyl bromide, Ger 


CHEMICALS 


iraniagonth, Gitoxin, Gliadin 









Glucoascorbi d, Glucochlo | 
acid d, Gluc acid, Glucon | 
Glucosaminic Glucose al 


Glucose- eee Glu 


Glucos GL 
mercap Sithans 
ethylx oxamin 
pentaa odium 


Glucose chioureide, Glucose u 
Glucosides, Glucog 
trimet.hylammoniu 
curonidase, Gluc 
tamic acid, Glut 
dioxime, Glutars 
anhydride, Glutg 









DELTA CHEMICAL WORKS, Inc. 


2 } West 60} St N. Y. 


ork 23, 
Plaza 7-6317 


n 
Yew Y¢ 


Telephone 
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REACTOR 
METALLURGISTS 


For work in experimental and ana- 
lytic investigations of 
application for high temperature 
liquid metal nuclear reactor systems 
Corrosion and physical properties 
testing and selection of materials for 
high performance systems. 


materials 


MS Engineering or Metallurgy with 
three or more years experience in the 
above areas required. Fused 
experience also helpful. 


salt 


Submit complete resume to: 


PERSONNEL DEPARTMENT 


JET PROPULSION 
LABORATORY 


CALIFORNIA INSTITUTE OF 
TECHNOLOGY 


4800 Oak Grove Drive 
Pasadena, California 














100 


Measurement Corp 


Ave., North 


nnical 


tem.—T\ 


141 Washington Haven 


Conn, 





Portable SH M1 
13% 
alpha The 
hand counters are scintillators and dual 
phosphors.—E.M.I. Ek Ltd 
Haves, Middlese 


Single hand monitor. 


above 5 sé 


ec counting time, 
beta efficiency. 


has 


and ot)‘ 


etronics 


x, England 


EC Oe 
‘ LITERATURE 
AVAILABLE 
Revised Price List. 4 pp.; Technical 
Associates, 140 W. Providencia Ave., 


Burbank, Calif 


Automatic 200 Sample Changer. 2 


pp.; Technical Associates, 140 W. 
Providencia Ave., Burbank, Calif. 
Safety & Special Enclosures. 31 pp.; 


Kewaunee Scientific Equipment, 


Adrian, Mich 


Counting Instruments & Accessories. 
1] pp.; 4 TO Masters-Buntaine 
Corp., 111 W. Jewel Ave., St 
22, Mo. 


. Louis 


Portable Transistorized Count Rate 

Meter& Area Monitor. 2pp.; Uni- 
Transistor Products Corp., 
r St., Westbury, L. I., 


versal 
36 Sylveste 


N.Y 


The Single or Multi-Station y Detec- 


tion System. 4 pp.; NMC, Indi- 
anapolis, Indiana 

Scintillation Grade Fluors; Plastic 
Scintillators. 4 pp.; Pilot Chemi- 


Department 


starts on page 
cals, Inc., 36 Pleasant St., Water- 
town 72, Mass 

Services in Research. 68 pp.; Iso- 
topes, Inc., 123 Woodland Ave., 
Westwood N a. 


Nuclear Health Short Form Catalogue. 
EK MI Electronics Ltd., Instru- 
Hayes, Middlesex, Eng- 


t pp.; 
ment Div 


land 


NCA Film Badge Service. 4 
Nucleonic Corp. of America, 
Degraw St rooklyn 31, N. Y. 


pp.; 
196 


R. F. lon Source. 2 pp.; Oak Ridge 
Technical Ente rprises Corp., P. O 
Box 524, Oak Ridge, Tenn 

Labeled Nucleosides. 2 pp.; New 


England Nuclear Corp., 575 Albany 


Boston lS \lass 


st 


Cobalt 60 Radiation. 8 pp.; Atomic 
Energy of Canada Ltd., P. O. Box 
93, Ottawa, Canada 

C''-Labeled Radiochemicals. 4 pp.; 
Research Specialties Co., 200 So 
Garrard Blvd., Richmond, Calif. 

Stable Isotopes of Oxygen. 8 pp.; 
Weizmann Institute of Science 
Isotope Dept., Rehovoth, Israel 

Nuclear Activities. 28 pp.; Combus- 
tion Engineering, Inc., Windsor, 
Conn, 

| Does Your Company 


| Have A Market | 
| In The Nuclear Industry? 
| | 


Chen it should be listed in the 
| 1961-62 annual November Nucut 
| ONICS Buyers’ Guide to nuclear | 
| products, materials and services. | 
| Free listings in the Buyers’ Guide 
are based on questionnaires sent to 
companies by NUCLEONICS, If you 
| did not re 1 questionnaire in 
| 1960, then writ today to 
| 
} 


Buyers’ Guide Manager 
NUCLEONICS 


330 West 42d St., New York 36, N. Y. 


address and the 


giving the compan 

} name and title of the person who 
can best categorize the products and 

| their nuclear appli ations 
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INDUSTRY NOTES 


@ Elgin Laboratories, Waterford, Pa., 
1,000 personal radiation 
23 h to Oak Ridge 
Nat Laborator The fountain- 
yped at ORNL, 
dicate the pr e of radiation by a 
hirping noise. 
Research Corp., Alex- 
15% 
ar Science and 
At- 
the 
1as included 


Air 


The f N r engineering div. 1s 


ised about 


1) CON Nucle 
Pittsburg! s 


ipation in 
Force. 
it n hot laboratory. 


| \ | Mar- 


on renewal of 


yranted the 
quardt Corp $4 
to de velop a nu- 
Project Pluto. 
nce Radiation 
ting research on 
Plut Wright Air Development 
\ t ts since 1956 
NEW BUSINESS: A: 
t contrat 


> Flight ¢ 


$80,000 re- 
t from 
enter, 
ol means ol 


uter space is 


ntly awarded 

Tracerlab ther three: $20,000 
Air Development div. 

Air Force Base for 

ntation to detect 

fuel fabrication 

» > Na ’s Bureau 

> i ture of 58 air-par- 
l ir-powered 

A] of Isotopes De- 


$46.000 to in- 

lucing scintil- 

ns to detect 

lation ae 

ntracts is the 

i trument and Con 

Nuclear Corporation of 

with the Kom- 

: ering Co., Nucor 
gages to me 


Amer 


asure 
in sludge. The 
the Na y, are 
+ I { { { ion and meas- 
ind for classi- 
elopment. ... 

ASA I > Flight Center, 
\ S warded an 
] ict to 
Space Technology Laboratories, sub- 
l fan Oo W oold- 


. +4, (Vf ; ir contr 
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ridge. Panellit div., Information 
Systems, Inc. has received a $550,000 
contract from General Electric to fur- 
nish pressure gages for Hanford Atomic 
Products Operation, Richland, Wash. 
High Voltage Engineering Corp., Bur- 
lington, Mass., has sold 5.5-Mev posi- 
valued at 
four 
Japan Atomi 


tive-ion accelerators, more 


than $2-million, to nuclear re- 


search centers: Energy 
Research Institute; University of 
Padua (Italy); University of Frankfurt 
(Germany); and Laval Univ. (Canada). 
ACQUISITIONS: The merger of Nu- 
clear-Chicago Corp. and Texas Nu- 
clear Corp., Austin, Tex., (NU, Dec. 
’60, 34) was consummated last month. 
Texas Nuclear, operating as a wholly- 
owned subsidiary of Nuclear-Chicago, 
will 
personnel and continue to manufacture 
generators. Kermac 
Fuels Corp., subsidiary of 
Oil 
quired all capital stock of Lakeview 


maintain existing facilities and 
neutron 
Nuclear 
Kerr-McGee Industries, has ac- 
Mining Co. and Gunnison Mining Co. 
both of 


AEC to convert uranium-bearing ores 


which are under contract to 


into uranium oxide (U,Os 


FINANCIAL: The largest net profit 
in its history, $204,413 in calendar 1960, 
was announced by Tracerlab, Inc. at its 
At the 
voted to 


annual meeting in April. 
the stockholders 
crease the authorized stock b 
shares Victoreen 
Co., Cleveland, has filed a 
with SEC seeking registration of 350,- 
000 additional shares of on stock 
to be offered at the market price. The 


julp- 


same 
time, in- 
30,000 
Instrument 


statement 
comn 


proceeds will be used for new e 
ment and facilities, and modernization 
John E. Fast & Co 

Royal Indus- 
a 1960 


of two subsidiaries 
and Kolus Corp. 
tries, Inc., Los Angeles, showed 


net income of $467,583 or 42¢ share 
EXPANSION: An electrical propul- 
sion laboratory has been completed at 


the Park (Calif Research 
Center of the Rocketdyne div., North 
Aviation, In The 


SIX -simulating 


Canoga 
American labora- 


tory, containing spact 
vacuum tanks, provides research and 
development facilities for experimental] 
nuclear and solar 


Nuclear-Chicago 


studies based on 
power sources, 

is planning to enlarge its Des Plaines, 
Ill. facilities to 96,000 ft? from 41,000 


ft? beginning about May 1 


He: 


neutron 


SOUFCeS 


NOW COMMERCIALLY 
AVAILABLE FROM 


numec 


CHECK THESE ADVANTAGES: 


GREATER SAFETY 


low extraneous radiation 
proven source design 
relelloli Mt taler. Je) TtiP balela) 


special hi-integrity welds 


MOBILITY & FLEXIBILITY 


@ low gamma radiation 
@ less shield, weight, space 


@ wider range of application 


LOWER COSTS 


W@ Total pur Frare! costs for 
NUMEC Pu:Be neutron source less than 
rental price of comparable Ra:Be source 

| zee due to 


neutron emission — savings in time and 


hase use 


calibration constant 


money 


NUMEC standard Pu:Be 
i A a ee 


sources include 


and 10 curie sizes 


ALPHA, BETA, GAMMA, and other 
NEUTRON sources also available. 


For information 


DEPT. NS-10 


NUMEC. 


nuclear materials and equipment corporation 


FlaleMeelalet + Mi elsle.lei 


apollo, pennsylvania 


cable NUMEC « telephone GRover 2.8411 


Opportunities for engineers write for 


information 
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“FIRST— * NUCLEAR ? 


GET YOUR OWN COPY OF LIONEL'S CALENDAR: 3 
A,B,’ AND NEUTRON once = iv 


DETECTOR CATALOGS.” 


International Atomic Energy Agency 


June 5-9-—-5S siun on Rad 
[Mom dal-mal-\imaat-lamelamaal-malelel(-r-laileieasiesl-lele-)dlelal le) oboe) dal-mame)leMaal-la ie Effects on Nerves and the Centr 
on a new assignment ‘‘getting your own copy of Anton’s a, b, y and Nervous System, Vienna 
MT-I CgelaKe[-4e-101 C0] or} (o)-4-a al-l-d ol -lore)enl-0-) -lulel-laehele\-1e-lilaoae)geler-vell lam _ wed ~~ eymposum on Whole 5 
Nuclear detector and instrument standards have been set by Anton. Kets ll sa eT 
Vold-mm aar-lameolel@Mialelivielet-]mel-ic-101c0)anase1-\-w- lem alelaent-l|\vmroN’e-1]t-]e)|-Magelan und Inte liate Reactors. Vis 
stock or 4-6 week delivery. Anton nuclear laboratory, health, physics On all IAEA meetings, contact [AKA 
and survey instruments are also in continuous development and 11 Kiirntne Vienna 1, Austria 
fo} deleteleadie)am ene ns 
If yau need your own catalog, a copy of our complete data is waiting 
for you. Just send for Bulletin DN-1. June 4-8—Amer 1 Nuclear Society 
Annual Meeting Pittsburg! Pa 
LIONEL ELECTRONIC LABORATORIES Penn-Sheraton). Sponsor: ANS 
Formerly Anton Electronic Laboratories, Inc. te on . —- wh De - “i Pace . - 
1226 FLUSHING AVE., B’KLYN 37, N. Y. 
A DIVISION OF THE LIONEL CORPORATION 
June 11-16—Health PI Societ 
Meeting 1 Iixhibition, Las Veg 
Nev See gral page O4A 
June 12-15—1 t il Cor el 
PI} = | try At 
( « m t \ 
York 1 
CX | ‘ ‘ ( 
Boulder, ¢ Contact: B. | 
1, Pl NYT } \ j 
Ny ¥ 
June 12-Sept. | ordon Conferenc 
the summer at ( J r ( g ry 4 


New Lond N. H.: New Hamptor 
School New Hampton N H in 
ball Union Academy, Meriden, N. H 
Tilton School Filton, N. H bor 
details and dates, contact: W. George 
Parks irector Univ oO RI} 
Island, Kingst Rhode Island 


June 13-16—N Joint Meeting 
Ul Institute \erospace Seu 
d the Ar n Rocket So 
Los Ange { ) ( 
JW. We 660 | | 
la Angel ( 
June 14-17—1 \ M 
the pociet ‘ Nuclear Mi 
Pittsburgh, | Pe S ? 
Contact S \l ] SNM 
130 N M Ave., ¢ go | 
I}] 
June 22-24--A1 n Phys sc 
meeting Mi ( Cont 
nm. A. DD APS & W Os 
\ Yo 
4 > 
June 27-28—5 M m on Rad 
Iffect m Refractory Fuel Cor 
pound \t t Cit N. J ('} 
mte-Hadde H Sponsol Bat 
Memo Institute Contact 
Amer! nd Testu M 
r 1961 | s Philadelpl 
Per 
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-NEWSMAKERS 
‘>? 


head the 
Nuclear 
depart- 


Charles E. Crompton will 
Martin Co.’s ni 


‘ 
{ }j ae | 


formed 
hemistry 
ent to 
all Martin nuclear- 


integrate 


chemistry acti ities 
1 Baltimore 


at bot 
and Quehanna, Pa. 
The 
department will 
technical 


plants. new 


provide 





port for other 


Crompton 
. departments en- 


LUNLILT YS power 


t icl t SNAP (Systems 
N r Au ry Power) Program, 
tor I nts and reactor fuel 
t Cr ton has been associ 
ted th the nu r energy field since 
the \ hattan Project at 

Oak Ridge during World War II. 
been named 
s Experimental 
perheat Reactor 


> 
SR) for the 





eral Eleetris 
Power 
\ j ent Depart- 
nt The SS-mil- 
VESR_ proto- 
ry, 4 being built by 
inction 
t SADA 
r State 
\t 1) nt Associates 
gr nstruction 
t ompletion in 
Oy 
Edward J. Brunenkant, Jr., has been 
nted Durector the Office of 
Pect Infor tion of the AEC. 
Brunenkant been acting di- 
t Int Office since 
August 900, | en on the Com- 
t \ 19538, first as 
[1 | I t Officer in the 
1) Infor tion Services, then 
C} t | istrial Information 
I \ t AKC, Milton 
Klein, for \ tant Manager for 
Pec] Operation it the Chicago 
Onerat (ff COO) has been ap- 
. ; DO 1 Deputy Director of the AEC- 
NASA ice tt 1 to the AEC 
Division oe tor Development. 


Thomas A. Nemzek succeed Klein 


n Cl g Other AEC changes in- 
ide: Claude A. Pursel, appointed 
Director of the Reactor Engineering 


John P. Jewett, named Assistant 
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Manager for Administration—both at 
COO, and John X. Combo to succeed 
Paul B. Martin as ¢ ‘hief Counsel at the 
(Colo.) Operations 


Grand Junction 


Office. 


Harold Etherington has been appointed 
general manager of the Allis Chalmers 
Atomic 
M. Casper who was recently 
manager of the A-C Power 
Henry C. Nickel, 


manager of the 


Energy div., succeeding Roy 
named 
general 
Equipment Division. 
previously assistant 
nuclear power dept., will sueceed Ether- 
ington in the A-C Washington office. 
Edward F. Weisner of Atomics Inter- 
national is project engineer for prelimi- 
150-Mw 
moderated reactor for 
Baden Wurttemberg Nuclear 


Plant Planning Association of Germany. 


nary design of the organic- 


and -cooled 


Power 


John R. Stehn has been named director 
of the Neutron Cross Section Compila- 
tion 
srookhaven 


tional Lab 


Group at 
Na- 
The 
Compilation 
Group, part of 
BNL’s Sigma Cen- 
ter, collects avail- 
able information on 
neutron 


CTOSS SCC- 


tions and associated 


Stehn 


nuclear properties 


of all materials, maintains files of its 
findings, and publishes compilations of 
The Reactor 


Section Evaluation Group, also part of 


the information. Cross 
the recently expanded Sigma Center, 
has full access to the files of the 
pilation Group and uses th 


Com- 
intorma- 
tion to aid in supplying cross-section 
Information for reactor applications. 
Stehn was formerly a theoretical physi- 
cist on the staff of General Electric’s 
Knolls Atomic Power Laboratory where 


he edited the GE Chart of the Nuclides 


Homer S. Myers, one of the founders 


of Tracerlab, has been elected Exe: u- 


tive Vice President of that com 
Myers, previously Vice President and 


General 


any. 
Manager of Marketing, will 
retain his marketing responsibilities. 
At the same time, Abel DeHaan, Jr. 
was elected a Vice President He will 
continue as General Manager of Tracer- 
lab’s Reactor Monitoring 
Richmond, Calif. 


Center in 





Both a 


PROGRAMMER 


guided by a 
pencil-drawn curve 








and a 


RECORDING 
— CONTROLLER 


which superimposes a 
record of actual process 
performance and applies 
corrective control when 
performance deviates 
from the plotted program 








PRE|CORDER 


TRADE-MARK 


brings new flexibility to the automation 
of industrial process with closed-loop 


control. 
1. Pencil Programming—No cams to 
cut. 


2. Superimposed Recording — PreKord- 
er’s permanent record of process per- 
formance on a program chart overlay 
permits continuous visual compari- 
son of record and chart. 

3. Programmed Limits—To trigger alarm 
or shut-down circuits in case of proc- 
ess malfunction, just pencil allow- 
able operating limits on the record- 
ing chart. 

4. Programmed Gain— Varying the space 
between pencilled program lines va- 
ries the proportional control band or 
system gain. 


Typical PreKorder ap- 
plications are in pro- 
gramming temperature, 
pressure, power, load, 
flow, position, and oth- 
er process variables. 
Both round and strip- 
chart models are avail- 
able. 
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P. O. Box 6164N, 
Minneapolis 24, Minn. 











Just Published 


MATHEMATICAL HANDBOOK 
FOR SCIENTISTS AND 
ENGINEERS 


Definitions, Theorems, and Formulas 
for Reference and Review 


By GRANINO A. KORN 


Professor of Electrical Engineering 
University of Arizona 


and THERESA M. KORN 


Here is helpful reference to vital informa 
tion in all areas of 
initions, theorems, 
outline of mathematical 
tial in today’s science and 
applications. 
thoritative chapters provides 
view of an entire mathematical 
Topics covered include vector 
Laplace transforms, 
dom processes, calculus, 
methods, numerical 
more. 

Illustrations, tables, 
of related data highlight a full range o 
facts and methods—from real 
and curvilinear 
ferential geometry, statistics, and specia 
functions. This Handbook brings you 


methods essen 


subject 


mathematical question likely to arise ir 
your day-to-day work. 943 PP» 11 
tables, an (payable $5 in 10 days anc 
$5 month 


CONTROL OF 
NUCLEAR REACTORS 
AND POWER PLANTS 


Just Published—Second Edition. Provides 
latest data on the use of servomechanism 
techniques for the control of nuclear 
ge plants. Covers basic control prob- 
ems of all types of reactors—from homo- 
geneous to boiling reactors. Includes in- 
formation on delay fractions for fuels 
other than U-235, and for neutron spectra 

other than thermal. By M. A. Schultz, 
Westinghouse Testing Reactor. 2nd Ed. 
466 pp., illus., $12. 30 


HANDBOOK OF 
CHEMISTRY 


Just Published—Tenth Edition. A_ vast 
Sm of facts, data, tabular mate- 
rial, and experimental findings treating 
every aspect of chemistry. is revised 
edition lists 6500 organic compounds with 
their physical constants—chemical and 
physical properties of classified substances 
—tables of specific properties, and more 
Edited by N. Lange, Reg. Prof. a. 
Asst. by G. M. Forker, Gen. Elec. 

10th Ed. 1969 pp., $11.00 
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327 W. 41st St., New York 36, N. Y. 

Send me book(s) checked below for 10 days’ ] 
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postpaid. (We pay delivery costs if you remit ] 

with this coupon—same return privilege.) 
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formulas . . . and an 


engineering 
Each of the book’s 21 au- 


rapid re- 


analysis, 
Boolean algebra, ran- 
finite-diffe rence 
computations, and 


and boxed groups 
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numbers 
coordinates ... to dif- 


a 
ready means for answering virtually any 



























| Saxton, 
| fornia Edison reactors. 


Newsmakers 


Department starts on page 103 


Louis B. Werner, formerly AEC Scien- 
tific Representative in the U. K. 
Ireland, 
Science Corp. as a vice president. The 


newly created position is part of 


ae 
planned expansion that will combine | 


radioactive technique with 


chemistry 


advanced 
the 


programs 


present analytical 


The International Atomic Energy 


Agency has named directors to four of | 
its divisions. The new directors, who 
assumed their duties in April, are: 


Dennis Wiffen Pearce (U. 8.), div. of 
Health, Safety, and Waste 
Dr. Dragoslav Popovic (Yugoslavia), 
Safeguards div.; Carlos Sanchez del 
Rio (Spain), Reactor div.; and Cestmir 
Simane (Czechoslovakia), div. of Tech- 


nical Supplies. 


Disposal; 


W. Howard Arnold has joined the staff | 


Services, Inc. as 
Director of Nuclear 
Fuel 


He will be in charge 


of Nuclear Utility 


Management. 


of reactor refueling 
schemes as well as 
general consulting 
in the reactor phys- 
area, 
ously, as 
of the 


house 


ics Previ- 





Westing- 
Atomic 


Arnold 


Power div. reactor physics design sec- 
tion, Arnold was responsible for the 
nuclear design of the SELNI, CVNPR, 
SENA, Southern Cali- | 
NUS has also | 
appointed to its technical staff Donald 
L. Couchman who had previously been 
officer for the 


and 


project Shippingport 
_— Station in the AEC 
‘al Reactors Branch. 


Power 





Elda E. Anderson, 
American 


Health 


recently named 
Board of 
Physics, 


chairman of the 


died April 17 in| 
Oak Ridge, Tenn. | 
Miss Anderson 


served as president 
of the International] 
Health Physics So- 
ciety last year and 
conducted the first 





three International 
Anderson Courses in Health 
Physics in 1955, 1957, and 1958. 


and | 
has joined Hazleton-Nuclear | 


manager 








“I never heard enough nuclear news: 


now I read NUCLEONICS WEEK.” 
— PHH, Alaska 





ore 
‘old stick- 


I subscribed to 


“My employees called me 
in-the-mud’ before 
NUCLEONICS WEEK.” 

— STR, Chicago 





“I had a terrible problem before | 
read NUCLEONICS WEEK.” 
— HJT, Nova Scotia 


Make a date this week with... 


NUCLEONICS 
WEEK 330 WEST 42nd ST 


NEW YORK 36, N.Y 
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EMPLOYMENT OPPORTUNITIES 





The advertisements in this section includ opportunities 
—executive, management, technical, selling, v4 Tne manual, etc. 
Positions Vacant Civil Service Opp iti Emp! A t 





Positions Wanted Selling Opportunities Wanted Gnployment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED ~-—— RATES —— UNDISPLAYED 
The advertising rate is $25.33 per inch for all $2.10 per line, minimum 3 lines. To figure 


















advertising a on other than a con- payment count 5 average words as a line. 
— basis. on | rates quoted on re- Position Wanted ads are 4 of above rate. 
” Box Numbers—counts as | line 
cal] : - : 
Aa » advertising ing bo ecemeed F cteatiy Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 








sib to Agency Commission. Not subject to Agency Commission. 
Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 
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EXCEPTIONAL OPPORTUNITY AT 


| CONTROLS FOR RADIATION, INC. 


Effectiveness 





had wr” 


of your lat ; 
Fast growing nuclear company specializing in research, services, and 
instruments for radiation protection has immediate openings for ambi- 
Engineer tious, re sponsible individuals wishing to play major roles in further 
expansion of this organization. 
Recruitment SENIOR PHYSICIS al atts 
Responsible for initiating and executing advanced projects in theoret- 


ical and experimental aspects of nuclear, cosmic, and electromagnetic 


radiation. 


SALES MANAGER 


Responsible for organizing and implementing marketing and adver- 


Advertising 





1s 
tising program to sell contract research, technical services, and scien- 
tific instruments in the nuclear field. Must have imagination, success- 
ful selling experience in the technical field, and strong desire to sell 

Measured merlin: 4 


RADIATION BIOLOGIST 


As Manager of Radiobiology Dept., will perform and supervise theo- 
retical and experimental studies. Should be capable of originating new 
projects. Knowledge of health physics, radiation dosimetry, and 
radiobiology desirable. Ph.D. or equivalent and related experience 


required. 


by the 
Calibre 





Please send full resume to Mr. P. F. Russo 


and 








controls for radiation nc. 
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Experienced hth tess 
, | SALES REPRESENTATIVE for 
Engineers Spencer Chemical Company is seek- POSITIONS 
ing an experienced industrial sales in the 
NUCLEAR 








representative for its Nuclear Fuels 
group. Preferably this man _ should 


it Reaches. FIELD 





have an engineering degree and it is 
imperative he have experience in the 
The man you Nuclear industry. This-position offers WRITE US FIRST! 
an excellent opportunity for growth Use Our Application 
need into a sales management position. In No Resume Required 


Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 


Confidential Handling 


reply send detailed resumé to 


$e et) 


is the man who 
reads 


Personne! Manager 
Spencer Chemical Company (| 
610 Dwight Building 
Kansas City, Missouri 


a 
Ae, 
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NUCLEONICS Empl Pays Fe 
: , : | oye 
CLASSIFIED ADVERTISING a meateninens etatoment bo ts Se. snap 
section will Write: Arthur L. Krasnow 
DIVISION || help you find the engineers you need. : 
POST OFFICE BOX 12 | It's an inexpensive, time saving method ATOMIC PERSONNEL, INC. 
of selecting competent personnel for every 1518 Walnut St. « Phila. 2, Pa. « PE 5-4908 
NEW YORK 36, N. A | engineering job. An Employment Agency for * tag he A Field 








Vol. 19, No. 6- June, 1961 105 





EMPLOYMENT OPPORTUNITIES 








SCIENTISTS AND ENGINEERS ARE NEEDED AT AMF ATOMICS 





Expanding Programs in Remote Handling Systems and Reactor Development 
Have Created the Following Requirements: 


PROCESS ENGINEERS to assume technical responsi- SALES PROPOSAL ENGINEERS to coordinate, write and 


bility for analysis and design of test loops and assemble complete technical proposals and to assist 


reactor cooling systems. Requires broad back- 
ground in process systems and _ specialized ground desired 


experience in liquid metal systems. 
NUCLEAR ENGINEERS for analysis and design of GOVERNMENT LIAISON REPRESENTATIVE experi- 
enced in the nuclear field and knowledgeable 


in sales operations. Engineering or physies back 


advanced reactor systems. Requires ORSOR' . ; : ; 
van D ; ; ; of Department of Defense and Atomic Energy 
training or equivalent experience with special " Lega ; : ‘ 
, : : Commission requirements. A technical back- 
emphasis on heat transfer and stress analysis : : 
ground is required. 


Project management capability a must. 


MECHANICAL ENGINEERS 10 direct projects involving OTHER IMPORTANT OPENINGS are available for 


fabrication, and testing of complex physicists for core design, start-up and reactor 


design, 
operation; nuclear and mechanical engineers; 


nuclear handling equipment. Experience in the 


nuclear field desirable. and, mechanical and electrical designers 


Contact: Personnel Department 


AMF ATOMICS 


A Division of American Machine & Foundry Company 


140 Greenwich Avenue, Greenwich, Connecticut 


Experience, performance across the board . . . across the world 




















{DDRESS BOX NO. REPLIES TO: Box N 
Classified his pu r 


METALLURGICAL send to of pan lige 
EW YORK P. O. Box 12 
MANAGER CHICAGO I: 645 N. Michigan Ave. 


Metallurgical Manager—B.S. 

M.S., with demonstrated ad- 
ministrative and technical abil- 
ity. Position involves managing 
and directing the activities of a 
modern metallurgical and weld- 
ing laboratory engaged in both 


POSITIONS VACANT 


Wanted—Physicist with Masters or Ph.D. degree 
f¢ f til I tion Pref m t 
ted 

Sala $6345 to $10,634 a : 


Nuc 


SELLING OPPORTUNITY AVAILABLE 








the ferrous and non-ferrous : } Nuclear equipment manufacturer and engineer 
fields. This laboratory performs 2 ae bet Lande ol rea 
~ - ~ : a , ro pr Radiation P 

an important function in the ——a Sue RET Ft. 40th Rd. Fins - 
operation of a large, integrated 

een > This Editor = = 
facility engaged in both product — a 

Must Be Replaced! > = 


development and production 


activities. If you are an engineer ot PROFESSIONAL 
A Management position that scientist with nuclear expe- SERVICES 





offers a challenging responsibil- rience in the areas of radiation 
ity for the individual interested and instrumentation. and would = = 
in a western location. Send com- like to write about the exciting —_ — 
e . ; . a —_—_——— 
plete resume and requirements world of nucleonics . . . send —————— 
to: a resume and salary require- ASTRA. INC. 
ments to: EDITOR C onsultants For Indu & Government 
P 6625 Nucleonics ions & Design, St gg Oy A ng 
ty Hazards $ ay 
ichi Space: Radiat Effects, Propulsion, Satellite 
520 N. Michigan Ave., NUCLEONICS conf age bane aval 
P a idvanced Techr ‘ cat snafes a 
Chicago 11, Ill. 30 WEST 42nd ST., NEW YORK 36, N.Y. Aanalysis, 7 feat Tranater, Stress 
Raleigh N. C. VAnce 8-4386 Cable: “ASTRA 
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* “NUCLEONICS/EDITORIAL COMMENT 


A First in Space for Everyone! 


In our exultation over Commander Shepard’s successful vault into space, we of the free world 
tried hard to ignore the fact that as much as another year might go by before an American astro- 
naut equals Major Gagarin’s historic accomplishment three weeks earlier. But we can afford 
no illusions about the realistic state of affairs. The USSR now leads in total point score for 
space spectaculars and will continue to lead for many years, even though we plan substantial 
increases in our man-in-space efforts 


As a balm for our pride during these lean years President Kenne dy has directed the National 
Space Council to single out some other area in space in which we can mount a crash program to 
surpass the Soviets in the not-too-distant future But what can we hope to do that will « ompeté 


for attention with the even more breathtaking cosmic acrobatics that are certain to follow this 
spring’s initial performances? We can think of only one thing that would measure up atellite 


system providing worldwide television and radio coverage. 


Technically we could accomplish this by placing three SNAP-S8 reactors equal distances apart 
in a 24-hour orbit. These stations would have power enough to relay as many as ten television 
channels at signal strengths that could be picked up by home-size receiving antennas at any 
point on the face of the earth This system would be distinct from the one proposed by Ameri- 
can Telephone & Telegraph for telephone communication, which would require elaborate receiv- 
ing stations.) 


Should we succeed in an all-out program to put this system into orbit in, say, the spring of 
1964, we could then boast that 
© We were first to put a satellite into the 24-hour orbit (the orbit in which a satellite hovers over 
a fixed point on the earth) 
© We were first to use nuclear power and electrical propulsion for a space mission (after being 
lifted into a 300-mile-high orbit by an Atlas-Centaur, the nuclear-powered SNAP-8 system 
would raise itself with electrical propulsion to the 24-hour orbit at 22,300 miles 
© Most important of all, we were first to apply the new space technology to a project of direct 
and lasting benefit to all the peoples of the world. 


From the practical standpoints of cost and chances of success, the SNAP-8 project has many 
arguments in its favor: We are already well along with this project. Information on SNAP-8 is 





almost entirely unclassified. The basic technology of the reactor has been demonstrated | y the 
AEC through the successful long-term operation of the SNAP-2 prototyps Che SNAP-S reac- 
tor design represents a modest extrapolation of this experimental data. NASA already has a 
complete schedule laid out for development and testing of both the electrical propulsion unit 
and the SNAP-8 power supply. This schedule calls for an initial nuclear flight test in March of 


1965 with operational status following at some later time depending on the first mission (as yet 
unassigned by NASA To have the complete propulsion and power-supply system ready at a 
much earlier date we need only accelerate the existing development schedule and assign the 


specific mission that we propose here In concentrating on SNAP-8 as the key element of a 





worldwide communication system we would be exploiting one of the areas in space technology 
in which we probably now hold a lead over the Russians—compact nuclear-power sources 


Last of all, the money needed to support an all-out effort on this project could be measured in 
millions rather than the billions we associate with man-in-space missions This is one space 
spectacular that we can pay for out of petty cash! 


The obvious objections to any one nation setting up a world-wide system of this kind (ques 
tions of sovereignty in stationing a transmitter satellite—especially a nuclear-powered one—ove1 
foreign territory) could be swept aside by the offer on the part of the United States to place the 
whole system, when the means for creating it have been developed, at the complete disposal of i 
the United Nations. This gesture would back up in a dramatic way President Kennedy's 
expressed desire that nations cooperate in bringing the benefits of the space age to the whole of 
mankind. y 


Beyond its immediate value as a reply to Soviet boasts in the propaganda arena, the SNAP-8 
communication system holds out the promise of something far more important—the prospect of 
an ultimate solution to our problems through an informed and educated world citizenry 
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Nuclear research in action: 





BOMBARDMENT AT -429 


Po design vehicles for the Space Age, it is necessary to know how materials will behave 
in cryogenic environments. We're now working under contract with the NASA to de- 
termine the properties of materials subjected to neutron and gamma radiations in ex- 
tremely low temperatures—even below that of liquid hydrogen. Our nuclear-cryogenics 
capability includes design, fabrication, installation, and operation of in-pile dynamic 


test loops, refrigeration systems, instrumentation, and remote handling facilities. 


\ddress: Lockheed Nuclear Products, 1500 Northside Dr., N.W., Atlanta 18, Georgia. 
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